oratory
‘tVSecond Edition

#IPLES AND PRACTICES

EDITORS
Diane O. Fleming, Ph.D.

Biosafety Consultant

Bowie, Maryland

Environmental Health Engineering
‘The Johns Hopkins University -
School of Hygiene and Public Health
Baltimore, Maryland

John H. Richardson, D.V.M., M.P.H,

Biological Safety Consultant
Atlanta, Georgia

Jerry ). Tulis, Ph.D.

Bichazard Science Program
Division of Occupational and
Environmental Medicine
Duke University Medical Center
Durham, North Carolina

Donald Vesley, Ph.D.
Environmental and Occupational Health
School of Public Health

University of Minnesota

Minneapolis, Minnesota

ASM Press

WasHINGTON, D.C.




Human Immunodeficiency
Virus Type 1 and Other
Blood-Borne Pathogens

DEBRA L. HUNT

INTRODUCTION

Laboratory-acquired infections from blood-borne
pathogens have been recognized since 1949 when a
laboratory worker was reported to have been infected
with “serum hepatitis” in a blood bank (161). Skinhoj
(242, 243) reported subsequent increases in occur-
rences in laboratory-acquired hepatitis and found a
sevenfold higher rate of hepatitis in laboratory work-
ers when compared with the general population.

The potential occuit infectivity of blood has been
emphasized since the documentation of occupation-
ally transmitted human immunodeficiency virus
(HIV) infection. As of October 1993, 39 documented
occupationally acquired infections with HIV-1 have
been reported, with an additional 81 possible work-
related infections (134). Since the first occupational
transmission was reported in 1984 (4), health care
and laboratory administrators, as well as those in
the public sector, have re-examined the infection
control aspects of their work practices and have
begun to develop equipment and procedures to
minimize exposures. Because infection with HIV is
not always clinically apparent and the infectious po-
tential of blood and other body fluids is not always
known, the Centers for Disease Control (CDC) rec-
ommended “universal blood and body fluid precau-
tions” in 1987 (42). This approach emphasizes the

consistent use of blood and body fluid precautions
for all patients and their clinical specimens and tis-
sues, :

The “universal precautions” strategy has formed
the foundation for federal guidelines through the
CDC and regulations from the Occupational Safety
and Health Administration (OSHA) (see OSHA
standard, Appendix II). Both organizations recog-
nize that this practical approach to safety will not
only minimize the risk of occupationally acquired
HIV-1 infection but will also serve to protect against
occupational infection with other blood-borne
pathogens such as hepatitis B, hepatitis C, human
T-cell leukemia viruses 1 and II, or HIV-2,

This chapter provides an overview of the epide-
miology, risk of transmission, and the recommended
or regulated strategies to prevent occupational
transmission of HIV and other blood-borne patho-
gens (the hepatitis viruses were discussed in detail
in Chapter 3). All laboratory workers are encour-
aged to keep abreast of applicable rules or recom-
mendations from federal, state, or professional
agencies. '

HUMAN IMMUNQODEFICIENCY VIRUS TYPE 1

On June 5, 1981, the CDC reported several cases of
Preumocystis carinii pneumonia in young male
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homosexuals (31). Several weeks later, Kaposi’s sar-
coma was reported in 26 male homosexuals, some of
whom also were diagnosed with P. carinii pneumo-
nia (32). These reports represented the first recog-
nized cases of what is now defined as AIDS. Twelve
years later, in September 1993, more than 339,000
AIDS cases had been reported to the CDC among
persons of all ages in the United States (61), with an

estimated 8 to 10 million infected adults and 1 mil-.

lion infected children throughout the world (57). -

Within 3 years of the recognized syndrome, the
virus causing AIDS was isolated and found to be a
new human retrovirus (12, 96, 212). Retroviruses
had been studied primarily in animal diseases but
were found to be a cause of a human disease in 1980
by Poiesz et al. (209). Although the virus that causes
AIDS was originally called human T-cell lympho-
tropic retrovirus Il (HTLV-III) by Gailo and
lymphadenopathy-associated virus by Montagnier,
the virus has subsequently been termed HIV-1 by
commiitee (67). '

Biological Characteristics

Certain biological characteristics of HIV-1 are im-
portant to the epidemiologic and clinical aspects of
the disease and contribute to the risk involved with
viral transmission. These include {16)

1. HIV-1 belongs to a group of RNA viruses
known as human retroviruses, named for the novel
reverse transcriptase (RT) enzyme. The RT enzyme
allows a DNA chain to be copied from the viral
RNA. The double-stranded DNA material from the
viral template is then incorporated into the host cell
genome. This step is important epidemiologically
because the retroviruses are able to exist in a latent
phase for prolonged periods before disease devel-
ops. More 'specifically, HIV-1 belongs to the
lentivirus group (lenti- = “slow"). It is estimated that
the average incubation period between HIV-1 infec-
tion and the development of the disease AIDS for
both homosexual men and adults with transfusion-
associated HIV infection via transfusion is 8 years
(171). For infants infected with HIV via transfusion,
the estimated incubation period is approximately
2 years (172). '

‘2. The RT enzyme is a natural target for antiviral
agents. For example, zidovudine (AZT) inhibits
HIV-1 replication by blocking RT activity. :

3. Because RT activity is specific for replication of
refroviruses, its detection provides an excellent indi-
cator of retroviral activity in laboratory tests.

4. The polymerase enzyme of HIV that is in-
volved in transcription is error-prone, contributing

to the antigenic hypervariability on the viral enve-
lope. This complicates the development of a univer-
sal vaccine and perhaps influences the virulence of
the different strains of virus.

5. Surrounding the RNA viral core and viral en-
zymes, the lipoprotein envelope contains several
important glycoproteins that help bind the virus to
host cell receptors and are the focus of several vac-
cine studies. Evidence of antibodies to glycoproteins
GP120, GP160, and GP41 is essential to laboratory
testing for infection with HIV-1 (268),

6. Retroviruses, like other enveloped viruses, are
rapidly destroyed by common laboratory disinfec-
tants and detergents (151).

7. The HIV-1 viruses replicate intraceliularly in
the host. The main target cells are those that possess
the CDA4 protein receptor, primarily the T4 lympho-
cytes. The T4 cell is lysed or severely limited in
function by viral replication, leading to eventual de-
pletion of immunologic capabilities.

The monocyte-macrophage cell, another target
ceil for HIV-1, harbors the virus but is more resistant
to the cytopathic effects, The monocyte-macrophage
cell serves as a reservoir for the latent viral state, a
“Trojan horse” that transports the virus throughout
the body, protecting it from host defenses. Evidence
also indicates the Langerhans cells of the skin may
also harbor the virus (21). :

8. The HIV-1 virus is found in body fluids as
cell-associated as well as cell-free. The numbers of
virally infected cells and infectious viruses in
plasma vary with the stage of HIV-1 infection. For
example, HIV p24 antigen, a marker of HIV-1 repli-
cation, has been demonstrated during the acute
stage of HIV infection and at the late stages of infec-
tion when CD4 lymphocytes decrease in number
(232). Also, increased HIV-1 plasma titers are associ-
ated with the later stages of the disease (130). This
higher “dose” of virus may be an important deter-
minant of an increased risk of viral transmission.

9. The HIV-1 virus has been cultured from blood
(96), semen (274}, vaginal and cervical secretions
(210, 264), saliva (112), breast milk (258), tears 93),
urine (165), cerebrospinal fluid (131), alveolar fluid
(275), and amniotic fluid (194); however, proven
human transmission of the virus has only occurred via
blood, bloody body fiuids, semen, vaginal-cervical se-
cretions, breast milk, or concentrated viral material,

Inactivation Studies

Retroviruses are classified by Klein and Deforest
(151} as protein and lipid viruses and, as such, are
susceptible to many common disinfectants found in
the laboratory. Since 1984, several studies have eval-
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TABLE1 Environmental survival of HIV-1

Temp.
Condition M) Parameters Dyy* Comments References
Heat 60 2 min Virus in factor VIl McDougal et al. (185)
preparations
60 Zh ophilized virus McDougal et al. (185)
56 10 min Martin et al. (177)
56 20 min 50% serum Spire et al. (246}
56 10 min 2 min McDougal et al. (185)
56 5h 20 min 50% plasma Resnick et al. (224)
50 ’ 24 min McDougal et al. (185)
45 33h McDougal et al. (185}
37 4.8 days McDougal et al. (185}
37 11 days 50% plasma Resnick et al. (224)
- 37 6 days Dried virus Prince et al. (216)
Aqueous sokution RT? 15 days ' Resnick et al. (224)
RT- >7 days Barre-Sinoussi et al. (13)
Dried virus RT >3 days 9h 50% plasma in petri dish  Resnick et al, {224)
RT >7 days Barre-Sinoussi et al. (13)
RT >7 days 8h 5% serum on glass Prince et al. (216)
g, amount of time required to reduce viral infectivity by 1 log or 90%.

bRT, rocm temperature (20 to 27°C).

uated the inactivation of HIV-1 by a variety of phys-
ical and chemical means. The methods of testing for
viability of HIV-1 after exposure to disinfectants or
physical methods include the determination of RT
activity and the ability of the treated virus to infect
T-cell lines in tissue culture. The tissue culture assay
appears to be more sensitive for small amounts of
virus than the RT assay (224). It is yet unknown if
the tissue culture assay is able to measure the critical
human infectious dose. Therefore, the observed log
reductions in virus titer and extrapolated decay
rates using high concentrations of virus allow for
inferences about effectiveness of the disinfectant or
method of inactivation.

Environmental Stability

Under experimental laboratory conditions and
grown in high concentrations of 7 to 10 logs tissue
culture infectious dose (TCIDy), HIV-1 demon-
strates stability at room temperature both in the dry
or liquid form. (One TCIDs, is the amount of virus
required to infect half the cells in tissue culture.) In
aqueous suspensions of tissue culture fluid, the
virus has remained viable after 1 to 2 weeks (224).
Several authors have demonstrated the recovery of
viable HIV-1 after 3 to 7 days in the dried state as a
viral film on glass or a petri dish (13, 216, 224).

Resnick et al. (224) and Prince et al. (216) calculated the
amount of time required to reduce viral infectivity by
1 log or 90% (the Dy, value) in a dried state at room
temperature to be 8 to 9 h. It follows that a blood spill

_containing 1 to 3 logs of virus per milliliter (130) ina

clinical or laboratory setting could potentially con-
tain viable HIV-1 for more than 1 day if allowed to
dry. Prompt cleaning with appropriate disinfectants
should be initiated to remedy this situation.

Heat Inactivation

Although HIV-1 appears stable at room tempera-
ture, it is very heat-labile. McDougal et al. (185)
found that the virus follows first-order kinetics and
calculated the Dy, values for a series of temperatures
(Table 1). In a liquid suspension, they found little
difference in the thermal decay rate when the virus
was suspended in culture medium, serum, or liquid
factor VIII but found that the virus in the lyophilized
state was somewhat resistant to heat.

Martin, as well as other authors (177, 246), re-
ported inactivation of HIV-1 suspensions at 56°C
within 10 £0.20 min (Dy, value = 2 min). Resnick et al.
{224), however, found that heating at 56°C for 5 h
was necessary, calculating a Dy, value of 20 min. The
reason for discrepancies in these studies is un
determined. :
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A 1988 survey of laboratories evaluating HIV-1
tests for the CDC (52) reported that 3.9% of the labo-
ratories heat-inactivated serum specimens at 56°C as
a safety measure before testing. However, the heat-
ing process can cause false-positive results for en-
zyme immunoassay and Western blot tests {108,
180), changes in laboratory enzyme levels, and tuz-
bidity problems with plasma (156). The CDC recom-
mended that heat inactivation of serum does not
preclude the use of standard precautions and should
not be used as a routine means of protection of labo-
ratory workers (52).

The heating process has better applicability in the
preparation of safe therapeutic blood products.
Piszkiewicz et al. (207) found that pasteurization of
antithrombin III concentrate at 60°C for 7 min re-
duced HIV-1 to below detectable levels. Others have
found alternative methods of inactivation of blood
products, including exposure to tri-{(n-butyl)-phos-
phate and sodium cholate for 20 min at room tem-
perature (214). A promising method that destroys
HIV-1 but does not effect changes in hematologic
parameters is the “photodynamic method,” a
hematoporphyrin photosensitizer (179).

Physical Methods of Inactivation

Spire et al. (246) demonstrated that BIV-1 is fairly
radio-resistant, requiring higher doses of both
gamma and UV irradiation for inactivation of the
virus than the doses routinely used for food irradia-
tion or in laminar flow safety cabinets. Martin et al,
(176) found that sonication does not destroy HIV-1,
but both high pH and low pH (<1 or >13) will inac-
tivate the virus. Kempf et al. (148) also found that
the virus is inactivated at a pH less than 4 when
suspended in immunoglobulin.

Chemical Inactivation
Although the virus survives in liquid cultures for
more than 2 weeks {224) and in the dried state for
more than 3 days (13, 216, 224), results have con-
firmed that, in most cases, disinfectants at concen-
trations below commonly used levels are sufficient
to inactivate high titers of HIV-1. Table 2 lists several
chemical disinfectants and the parameters tested.
Most conditions of testing in these studies have rep-
resented in-use situations such as room temperature
(21 to 25°C) or less than 10-min exposure times,
Resnick et al. {224) found that common chemicals
frequently used in laboratory procedires in-
activated the virus. For example, nonionic detergent
{Nonidet P-40) inactivated HIV-1at 0.5% and is used
in the preparation of disrupted virus at a concentra-
tion of 1%. The laboratory fixative, acetone:alcohol,
also was found effective against HIV-1 after 20 min

of exposure. Martin et al. (176, 177) tested para-
formaldehyde (used as a laboratory fixative at 1%)
and found that infected cells treated with >0.1%
paraformaldehyde could no longer transmit the
virus to susceptibie cells.

Disinfectants that are effective against aqueous
HIV-1 suspensions cannot be assumed to be equally
effective against dried HIV-1. Data exist that show
other viruses are more resistant to disinfectants in a
dried state than suspended viruses (151, 167, 237).
Several studies found alcohols to be effective against
HIV-1 in culture suspensions (177, 224, 247); how-
ever, Hanson et al. (116) failed to inactivate dried,
cell-free HIV within 10 min of exposure to 70% etha-
nol. The use of 70% ethano as a laboratory surface
disinfectant should be carefully reconsidered.

The standard antiseptics povidine-iodine and
chlorhexidine gluconate, as well as common dis-
infectants used in the clinical setting (bleach,
quaternary ammonium chlorides, phenolics, and
glutaraldehyde), quickly inactivate the virus in cul-
ture (see Table 2). Hanson et al. (116} found 1% glu-
taraldehyde effective against dried HIV-1 at 1-min
éxposure but found it failed to inactivate the dried
virus even after 15 min when serum was added.
Other data have also shown that lipophilic viruses,
including HIV, become appreciably resistant (or the
disinfectant less active) in the presence of high or-

" ganic load such as in blood, semen, and feces (216).

Increasing the concentration of disinfectant, increas-
ing exposure time, or simply removing as much of
the organic load as possible by thorough cleaning
before disinfection is recommended to alleviate this
problem (see also Chapter 3).

Discrepancies in the studies to date may be ex-
plained by the variety of methodologies used to de-
termine virucidal activity such as testing culture
suspensions versus dried virus on carriers, end
point determinations, organic load, contact times,
neutralizers, and composition of cell culture media.
Perhaps variation in HIV-1 strains may also account
for differences in resistance to germicides. The need
for an internationally accepted standard for viru-
cidal assays was expressed by the American Society
for Microbiology Working Group for Viruses at a
symposium evaluating chemical germicides (215).
Because most of the studies on inactivation of HIV-1

- have tested suspension cultures of extracellular

HIV-1, the Working Group called for additional data
on dried viruses with an organic load challenge.
The Environmental Protection Agency has devel-
oped guidelines for the testing of virucides that in-
volve the use of dried viral films on carriers such as
glass slides or petri dishes (83) and are the basis for
viracide registration in the United States. Recently,




4. HIV-1 AND OTHER BLOOD-BORNE PATHOGENS | 37

TABLE2 Chemical and physical methods of inactivating FIV*

Concentration Concentration
tested with RTA?  tested reducing
Method reduction >10° TCID® HIV Comments References
Chemical
Disinfectants
Sodium hypochlorite - 0.1% Martin et al. (177)
— 0.5% Resnick et al. {224)
0.2% — Spire et al. (235)
Chlorine dioxide (LD) 1:200 1:200 Sarin et al. (235)
Alcohol —_ 70% Resnick et al. (224)
* ‘Ethanol 25% — Spire et al. (247)
— 50% Martin et al. (177)
— 70% Dried, celfree virus ~ Hanson (116)
>10 min required
Isopropyl — 35% Martin et al. (177)
Methylalcohol: acetone — 1:1 20 min required Resnick et al. (224)
Quaternary ammonium chloride — 0.08% Resnick et al. {224)
Hydrogen peroxide — 0.3% Martin et al. (177)
Phenolic — 0.5% Martin et al. (177)
Paraformaldehyde — 0.5% Martin et al. (177)
— 0.1% 2h Martin et al. (176)
Neutral buffered formalin — 1% 7 Martin et al. (176)
Nenidet P-40 — 0.5% In 50% human plasma Resnick et al. {224)
— 1.0% Martin et al. (177}
Glutaraldehyde 1% —_ Spire et al. (247}
—— 1% Dried, cell-free Hanson et al. (116)
—_— 2% Dried, in serum Hanson et al. {116)
- 1% Dried, in serum Hanson et al. (116)
‘ Requires >15 min
— 2% Dried, cell-asscciated  Hanson et al. (116)
Sodium hydroxide 40 mmol/liter —_ Spire etal. (247)
Antiseptics
Povidone-iodine — 0.25% 37°C Kaplan et al, (145)
' — 0.5% 37°C Harbison and
Hammer (118)
Chlorhexidine gluconate — 0.2% (1:20) 37rc Harbison and
Hammer (118)
Physical
Gamma irradiation 2.5 % 10° rad Spire et al. (246)
UV radiation 5x16°]/m? Spire et al. (245)
pH — <1,>13 Martin et al. (177)
—_ <4 Virus in IgG Kempf etal. (148)

“All tests conducted at room temperature and <10 min contact time unless otherwise noted.

¥RTA, reverse franscriptase activity.
STCID, tissue culture infectious dose,
“Not tested by the given method.
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the Environmental Protection Agency TSS-7 guide-
lines have been used for approved testing protocols
for HIV inactivation (215). In general, HIV-1 is in-
activated by chemical germicides that are effective
against lipophilic viruses. Labels of Environmental
Protection Agency-registered disinfectants should
be scrutinized for virucidal claims and directions for
in-use concentrations should be followed.

The HIV-1 virus has not been shown to be trans-
mitted to date through environmental exposures,
although the potential exists for inadvertent con-
tamination of hands by touching soiled surfaces and
subsequent inoculation of mucous membranes. The
risk for this mode of exposure increases in a research
laboratory situation i which high titers of virus
may be manipulated. Routine cleaning and prompt
decontamination of spills are the best methods to
minimize this risk. In fact, the CDC does not recom-
mend any changes in the standard guidelines for
sterilization, disinfection, or housekeeping practices
to handle HIV-T (42).

Epidemiology

Since the recognition and reporting of AIDS in 1981,
more than 339,000 persons with AIDS have been
reported to public health departments in the United
States for a nationwide rate of 17.2 per 100,000 (61).
More than 204,000 (60%) of these have died. In 1992,
AIDS became the [eading cause of death among U.S.
men 25 to 44 years of age and the fourth leading
cause of death among U.S. women 15 to 44 years of
age (60).

Epidemiologic information gathered since the
early 1980s indicates that the modes of transmission
of HIV-1 have remained the same. HIV-1 is trans-
mitted through sexual contact, percutaneous or mu-
cous membrane exposure to blood, birth or breast
feeding from an infected mother, or transfusion of
HIV-contaminated blood. Homosexual-bisexual
men and intravenous (IV) drug users have repre-
sented more than three-fourths of all AIDS cases
reported from 1981 to 1990 (56). However, the larg-
est recent proportionate increases have occurred
among women, blacks, Hispanics, persons living in

the South, and persons exposed through heterosex-

ual contact. Cases in children associated with peri-
natal HIV transmission have also continued to rise.
The annual incidence of AIDS cases associated
with blood transfusions and therapeutics for hemo-
philia has stabilized since the serologic screening of
blood donations and heat treatment of clotting fac-
tors was initiated in 1985, Currently, it is estimated
that the risk of any unit of blood being contaminated

with HIV after the screening process is 1:150,000
(69). Immume globulin preparations (40), recent ther-
apeutic products for hemophilia patients (49), and
hepatitis B vaccines prepared from pooled human
sera (35) have been shown to be free of the virus.

In 1993, 4.7% of all AIDS cases were assigned to a
“no identified risk” (NIR) category, representing a
large caseload of those recently diagnosed (61). For
many of these cases, follow-up investigation is in-
complete or the patient died before an investigation
could be performed. Historically, on investigation,
83% of the NIRs are classified into an identified risk
category. Overall, the NIR category represents about
3% of all reported AIDS cases. Generally, 10% of the
NIR cases are health care workers, and this percent-
age has remained stable over time (57).

Occupational HIV-1 Transmission

AIDS in Health Care Workers

National surveillance data of heaith care workers
demonstrate that there is no higher risk for develop-
ing AIDS in those working in the health care or
laboratory setting than for those in the general pub-
lic. As of 1988, approximately 5.3% of reported AIDS
cases with a known work history had related a his-
tory of working in a health care or laboratory setting
since 1978 (63). This percentage is comparable to the
proportion of the U.S. population working in health
care (5.7%) (25). Moreover, 95% of this group have
recognized nonoccupational risk factors. Health
care workers with AIDS are more likely to be homo-
sexual or bisexual than other persons with AIDS,
After surveillance investigations are completed,
only 1.4% of health care workers with AIDS are clas-
sified with NIR other than employment in a health
care setting (63). Further examination of the remain-
ing NIR cases in health care workers shows that they
are demographically more similar to other AIDS
cases than to health care workers in general: For
example, 73% of the NIR health care workers versus
23% of all U.S. health care workers are male (25).
Also, the only occupation that is overrepresented
among the NIR cases is that of maintenance workers
(20% for NIR cases versus 6% for cases with identi-
fied risk, P<0.004) {63) and not the occupations that
are at risk for percutaneous blood exposures such as
surgeons or laboratory technologists.

More indirect evidence that the risk of transmis-
sion of HIV-1 in the health care setting is smalil is
found in 13 HIV prevalence studies conducted on
cohorts of health care workers around the country,
many of whom work in areas of high community
seroprevalence (18, 79, 100, 106, 119, 129, 153, 170,
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175, 239, 267-269). These prevalence studies have
examined 6,619 U.S. health care workers with 1,208
reported HIV exposures and found 8 seropositive
(0.12%) health care workers with no identified com-
munity risk. The prevalence of infection in health
care workers does not appear £ be any higher than
that of the comparable population-at-large.

The lack of association of HIV transmission in the
health care setting has also been demonstrated in
prevalence studies from Kinshasa, Zaire (173, 199),
where community prevalence of HIV is high (8.4%
in women attending an antenatal clinic and 6.5%
among men donating blood). No higher rates of se-
ropositivity were found in the hospital staff, nor
were there any significant differences among the
medical, administrative, and manual workers (6.5,
6.4, and 6%, respectively). Of note is a lack of
seroconversion in laboratory workers between 1984
and 1986 (199). This finding is important when dif-
ferences in infection control practices in the develop-
ing countries are compared with those in the United
States and Europe. For example, resources such as
gowns, gloves, and disinfectants are not routinely
available, and needles and syringes are nearly al-
ways washed by hand, then sterilized for reuse.
These findings reaffirm the apparent low risk for
occupational transmission of HIV.

Documented Case Studies

Occupational HIV infection after a specific exposure
is the best indicator of the mode of BIV transmission
in the health care setting. Although the risk of occu-
pational HIV transmission appears to be low, a few
case reports of health care workers infected with the
virus through occupational exposure have been re-
ported. Since 1981, 39 health care workers have ex-
perienced clearly defined seroconversions after
exposures (4, 5, 39, 42, 43, 46, 47, 101, 107, 114, 123,
134, 136, 168, 169, 188, 198, 202, 218, 254, 256, 260,
265, 267). The modes of transmission for these infec-
tions appear to be 34 (87%) percutaneous (ie.,
needlestick, laceration, blood in nonintact skin), 4
(10%) mucocutaneous, and 1 {3%) both percutane-
ous and mucocutaneous. Thirty-six (92%) of the ex-
posures that resulted in infection were to blood; one
exposure was to visibly bloody fluid, one to an un-
specified fluid, and cne to concentrated virus in the
laboratory. Also, 81 possible occupational transmis-
sions have been reported from health care workers
who have been investigated and are without iden-
tifiable behavioral or transfusion risks but who have
experienced nondocumented percutaneous or mu-
cocutaneous exposures or contact with laboratory
levels of HIV (6, 9, 14, 27, 28, 106, 111, 115, 134, 153,
166, 211, 236, 267, 269).

Sixteen laborgtory workers per se have docu-
mented seroconversions, representing the largest
health care occupation group among the 39 infected
waorkers (41%) (134). Examples of specific exposures
that resulted in infections include cuts with contam-
inated objects such as a broken Vacutainer tube (123)
or a blunt stainless steel cannula used to clean
equipment contaminated with concentrated virus
(267). Before “universal precautions” were recom-
mended in 1987, a laboratory worker’s bare hands
and arms were contaminated from a blood spill
from an apheresis machine. The worker also had
dermatitis and, subsequently, seroconverted (43).
Fifteen additional laboratory workers are among
those with possible occupational infections with no
documented specific exposure that resulted in
seroconversion {134).

Occupational Risk Assessment

Prevalence and epidemiologic studies indicate that
occupational HIV infection does not occur fre-
quently. Documented HIV seroconversions caused
by exposures demonstrate that an occupational risk
of HIV transmission does exist. Factors that may
contribute to the magnitude of that risk have been,
addressed by Henderson (121) and include the type or
extent of injury, the body fluid involved, the “dose” of
inoculum, environmental factors, and recipient sus-
ceptibility. The interactions and additive effect of
these factors on the individual laboratory worker
are complex and unknown. However, some data are
available that can help further define risks associ-
ated with several procedures or circumstances.

Route or Extent of Exposure

Parenteral. Of the 39 occupationally acquired
HIV infections reported, 34 (87%) have been associ-
ated with parenteral exposure (rieedlesticks, cut
with contaminated objects, or nonintact skin expo-
sure to blood). Many of these have been associated
with an extensive injury (4, 42, 47, 122, 182, 254, 267)
invelving partial injection of blood or deep intra-
muscular injections or cuts. However, at least three
have described only superficial injuries {28, 198,
202).

The best direct measure of risk of HIV transmis-
sion by a single exposure is accomplished through
prospective cohort studies that decument an HIV
exposure event withi follow-up serologic monitoring
of the exposed health care worker (Table 3). In
15 prospective studies to date that have reported
3,579 percutaneous exposures in health care work-
ers, 8 instances of seroconversion have been docu-
mented, for an overall risk of transmission per
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TABLE 3 Summary of published prospective studies of the risk for occupational HIV-1 transmission

in the clinical setting
No.of No. of No. of No. Infection
Exposure type (references) studies HCWs" exposures infected rate (%)
Percutaneous (80, 90, 100, 123, 125, 136, .15 3,328 3,579 8 0.25
142, 154, 187, 208, 218, 219, 259, 273)
Mucous membrane (80, 90, 100, 123, 136, . 13 906 1,364 1 0.07
142,154,187, 218, 219, 259, 273) ‘
Cutaneous (123) 1 149 5,568 0 . 0
929 NA® 0 0

Routine patient care activities (no
exposures) (100, 122, 154)

AHCWs, health care workers.
¥NA, not applicable.

percutaneous injury from an HIV-infected source of
0.25% {80, 90, 100, 123, 125, 136, 142, 154, 187, 208,
218,219, 259, 273).

Mucous membrane. Four mucous membrane
exposures resulting in HIV infection have been re-
ported in health care workers (43, 107, 134), al-
though in one instance, nonintact skin contact with
blood could not be ruled out as a route of exposure.
In this case, a laboratory worker’s face was splat-
tered with blood when a Vacutainer top flew off the
tube while collecting blood from a patient. She also
reported having acne (43).

Thirteen prospective studies have included mu-
cous membrane exposures in their risk evaluations
and have reported only one seroconversion from
1,364 exposures (80, 90, 100, 123, 136, 142, 154, 187,
218, 219, 259, 273). Therefore, the risk of transmis-
sion of HIV via mucous membrane exposure is ex-
tremely low (0.07%), much lower than that of a
percutaneous injury (i.e., <0.3% per exposure).

Cutaneous. The identification of the Langer-
hans cell in the subepithelial tissue as a target cell for
the HIV (21) has caused concern among some health
care workers that cutanecus exposure to HIV may
result in transmission of the virus via these cells into
the body (73). Infection of the Langerhans cells is
usually a consequence of septic HIV infection (21).
Enormous protection against all pathogens is pro-
vided by intact skin; however, penetration of the
skin into the subepithelial tissues and subsequent
inoculation of the Langerhans cells might occur dur-
ing a needlestick or cut injury or other breaks in the
skin (99). "

One reported case of HIV transmission via skin
contact has been reported in a mother caring for her
HIV-infected child (39). Although no specific cuts,
punctures, or splashes were noted, the mother re-
ported that she used no barrier precautions such as

gloves or gowns and did not always wash her hands
after caring for her child. She frequently handled
blood and bloody body fluids. It is likely that tiny
cuts on the skin may have actually been the route of
transmission of the virus.

A report of a laboratory worker infected with a
laboratory strain of HIV (267) considered the source
of that exposure to be “contact of the individual’s
gloved hand with H9/HTLV-III; culture superna-
tant with inapparent and undetected exposure to
skin.” The subject worked with concentrated HIV
and reported wearing gowns and gloves routinely.
The subject admitted episodes when pinholes or
tears in gloves required that they be changed. The
subject also related accounts of leakage of virus-
positive culture fluid from equipment and the sub- -
sequent decontamination efforts with a hand brush.
The subject also recalled an episode of nonspecific
dermatitis on the arm that was always covered by a
ZOWIL :

A subgroup of 98 other laboratory workers who
also worked with concentrated HIV were seronega-
tive. An incidence rate of 0.48 per 100 person-years
exposure has been calculated for prolonged labora-
tory exposure to concentrated virus, approximately
the same magnitude of risk of infection as health
care workers who experience a needlestick HIV ex-
posure (267). Over a 45-year career, this rate would
lead to a risk of 195 infections per 1,000 exposed
workers in research and production facilities.

Three prospective studies have reviewed the risk
of HIV transmission as a result of routine patient
care activities without a known percutaneous or
mucous membrane exposure (100, 122, 154). None of
the 929 health care workers studied have been in-
fected. Recently, Henderson et al. (123) summarized
a 6-year ongoing study of the risk of HIV transmis-
sion to health care workers sustaining a variety of
occupational exposures, including cutaneous expo-
sure. Responding to a questionnaire, 149 National
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Institutes of Health (NIH) workers reported 5,568
cutaneous exposures to blood or other bodily fluids
from HIV-infected patients or their specimens and
more than 10,000 cutaneous exposures to blood
from all patients. No seroconversion occurred from
these exposures despite the high frequency of occur-
rence, confirming the lack of evidence of any mea-
surable risk of transmission of HIV by cutaneous
exposure in a clinical setting,.

Other routes of exposure. There have been no
documented cases of HIV transmission through the
respiratory, ingestion, or vector route of exposure,
Some have questioned the possibility of respiratory
transmission of HIV (139), specifically with the re-
search laboratory-acquired infection with no docu-
mented percutaneous exposure (267). It is well
known that common laboratory procedures using
blenders and centrifuges have been evaluated and
shown to produce infectious aerosols (3, 147, 205,
222,249, 250). Before the CDC and NIH recommen-
dations for biological containment in laboratories,
agents such as rabies (271) or arboviruses (117) that
are not transmitted by aerosols in the community or
clinical setting were documented to cause infection
under laboratory conditions when concentrated
agents were aerosolized by blending or purification
procedures. The reported laboratory worker in-
fected with the laboratory strain of HIV may have
been exposed to aerosols released during reported
rotor-seal failures involving the continuous-flow
zonal centrifuge. ‘

However, an expert safety review team convened
by the director of the NIH addressed this issue and
agreed that the potential for direct contact trans-
mission was much greater than for aerosol transmis-
sion (46). Procedures that generated aerosols were
carried cut in biclogical safety cabinets (B5Cs). They
cite other instances involving overt aerosol exposure
in laboratory and production facilities involving
concentrated HIV that have not resulted in sero-
conversions in exposed workers {(41). Nevertheless,
the occurrence of infection through an unknown ex-
posure emphasizes the need for laboratory workers,
particularly in research or production facilities, to
adhere strictly to published safety guidelines.

The potential for respiratory transmission of HIV
in individuals performing aerosol-producing proce-
dures in a clinical setting (i.e., surgery, dentistry) has
also been raised (73, 139). No epidemiologic infor-
mation supports this theory. In fact, several studies
have shown a low prevalence of HIV infection in
dentists who are routinely exposed to aerosolized
body fluids (88, 104, 119, 153, 170). Likewise, sur-

geons are not overrepresented in the reported AIDS
cases compared with other health care workers (63).

Johnson and Robinson (139) demonstrated that
HIV can remain viable in cool vapors and aerosols
generated by common surgical power instruments
but not in the heated vapors produced from electro-
cautery. In a companion study, Heinsohn et al, (120}
demonstrated that aerosols of sub- and micron par-
ticle sizes are produced by the instruments. Ques-
tions remain whether any respirable size particles
generated contain viable HIV and whether there ex-
ists an infectious dose required for aerosol trans-
mission of HIV.

Other Factors

Viral concentration. The transmission of HIV
and subsequent infection may also depend on the
“dose” of the virus present at time of exposure. The
dose is defermined by the size of the inoculum or the
concentration of virus in the inoculum. The dose of
HIV required to infect humans is unknown. Fultz et
al. (95) studied the infection of chimpanzees with
HIV-1 and found that those receiving >1 TCIDs; by
IV injection were persistently infected for up to
18 months. Chimpanzees inoculated with low doses
{0.1 TCIDs} did not become infected, suggesting
that immune systems can manage to contain small .
inocula of virus.

Alarge inoculum of HIV-infected blood such as a
unit of transfused blood carries a higher likelihood
of virus transmission. Donegan et al. {76) examined
recipients of infected blood units with no other risk
factors for HIV infection and found that 89.5% were
seropositive. Ho et al. (130) estimated that 250 ml of
HIV-contaminated blood contains 10* to-10¢ TCIDs,
of HIV. In contrast, a much lower risk is associated
with occupational exposures (0.25%) in which the
amount of blood involved is unknown but calcu-
lated by Ho to contain 0.06 to 7 TCIDs, of HIV.

The concentration of virus in blood or bodily
fluid is dependent on the stage of the patient’s ill-
ness and the antiviral treatment of the patient (130,
232). Since 1983, the CDC Cooperative Needlestick
Surveillance Project (260) has evaluated 1,103 work-
ers with percutaneous injuries that resulted in four
seroconversions, all of whom sustained exposures to
blood from source patients with CDC-defined AIDS.
Saag et al. (232) evaluated the plasma viremia levels
in patients infected with HIV and found none of
the asymptomatic adults, 12% of adults with
AlDS-related complex, and 93% of AIDS patients
had cell-free infectious virus in their plasma. Titers .
of the virus ranged from 10 to 10° TCID/ml of
plasma, with a mean of 10>® TCID/ml in patients
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with AIDS. Patients with acute HIV infection had
viral titers of 10 to 10° TCID /ml.

Saag et al. (232) also found that therapy with AZT
led to a significant decline in titer. Ho et al. (130)
found a 25-fold lower titer mean in AIDS patients
treated with AZT versus untreated AIDS patients.

Research or production laboratory workers, by
the nature of the work performed, are placed at
greater risk because of the high viral concentrations
in culture (>10° FCID /ml). Published recommended
barrier protection and precautions developed by the
NIH and the CDC reduce worker exposure to high-
risk operations {33, 34, 36, 42, 46).

Specimen age. The length of time the blood
has been removed from the source before exposure
may also influence the number of infectious viruses
present in the inoculum. Although most occupa-
tional infections have occurred after exposure to
“fresh” blood, HIV has demonstrated stability in the
environment in both liquid and dry states (224) and
may survive for hours to days at room temperature.

Other. Other factors coniributing to the overall
risk of HIV transmission may include the virulence
of the viral strain (10, postexposure first-aid or pro-
phylactic practices, or health care worker-related
factors such as skin integrity, immunologic status
(100), or inflammation around the exposure site
{numbers of CD4" cells available) (123).

Relative Risk for Occupational Infection

The anxiety surrounding HIV in the laboratory
setting has been partially caused by the historical
problem of occupational hepatitis B virus (HBV) in-
fection and its designation as a model for transmis-
sion of a blood-borne pathogen. The CDC estimates
that 12,000 health care workers will become occupa-
tionally infected with HBV each year, resulting in
more than 250 deaths (51). In contrast, the total num-
ber of cccupationally acquired HIV infections in 12
years is estimated to be 120 (39 documented, 81 pos-
sible}. The risk of HBV infection after a parenteral

exposure to hepatitis B surface antigen positive

bloed (6 to 30%) (36) is much greater than the risk of
HIV. infection from a similar exposure to HIV-in-
fected blood {0.25%). The difference in rate of trans-
mission and numbers of deaths is probably a result
of the lower concentrations of virus in the blood of
HIV-infected persons compared with that of HBV-
infected persons (57). If the incidence of fatality is
estimated for hepatitis B as 1 to 2% and for HIV
infection as ultimately 100%, the risk of mortality
from parenteral exposure to both viruses is essen-
tially the same (0.06 to 0.3%). Repeated exposures

will increase the overall risk to the laboratory
worker for occupational infection. The hepatitis B
vaccine is available and effective if used and is a
preventive measure currently unavailable for HIV.

. The risk of transmission associated with occupa-
tional exposures to other blood-borne pathogens has
yet to be determined. Nevertheless, standard pre-
cautions taken to prevent exposures to hepatitis B
will prevent occupational transmission of HIV and’
other blood-borne pathogens. A thorough discus-
sion of hepatitis can be found in Chapter 3.

OTHER BLOOD-BORNE PATHOGENS
Retroviruses

Since 1980, five types of human retrovirus have been
isolated: HTLV-l, HTLV-II, HIV-1 (formerly HTLV-
i), HIV-2 (formerly HTLV-IV), and HTT.V-V. Based
on morphologic features and molecular hybridiza-
tion studies, HTLV-, -II, and -V are classified as
oncornaviruses and are associated primarily with
malignancies such as leukemia and lymphoma.
HIV-1 and HIV-2 have been classified together as
lentiviruses (16) and cause cell lysis and death.

Human T-Lymphotropic Virus Type I

HTLV-], the first human retrovirus to be 1soIated
(209), has been associated with adult T-cell leuke-
mia-lymphoma and with a chronic neurologic dis-
ease called fropical spastic paraparesis (105).
Compared with HIV-1, HTLV-] infection is a more
chronic, endemic infection, largely confined to
populations defined by geography, race, and age.
Endemic areas appear to be concentrated in south-
western Japan, Africa, the Caribbean basin, and the
southeastern United States (17, 127, 272). Although
seroprevalence can be high in the endemic areas of
Japan (20% of adults) or the Caribbean (2 to 5% of
black adults}, HFLV-I seroprevalence is low in the
general population in the United States. Blood dona-
tions screened by the American Red Cross in 1989
found a seropositive HTLV-I/1I rate of 1.4 per 10,000
(54), similar to the rate of HIV-1 {1.72 per 10,000
(57).

HTLV-I, like HIV-1, is transmitted by sexual con-
tact, perinatally, and through contaminated blood.
HTLV-1 is, however, considerably less infectious
than HIV-1, and its transmission is closely cell-asso-
ciated. For example, HTLV-1 has been transmitted
through whole blood, packed cells, and platelets but
not through fresh-frozen plasma (201) nor through
pooled clotting factor concentrates from seroposi-
tive donors in the Unitéd States (65). Parenteral ex-
posure to contaminated needles is a documented
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risk accounting for high rates of seropositivity (18 to
49%) among drug abusers (158, 159, 228). One
seroconversion in a health care worker who un-
_intentionally inoculated himself with blood from an
infected patient with adult T-cell leukemia-lymphoma
has been reported in Japan (146).

Human T-Lymphotropic Virus Type II

Arelated virus, HTLV-II, was isolated in 1982 from a
patient with a T-cell variant of hairy cell leukemia
(143). Other cases of infection associated with hema-
tologic abnormalities have been identified, but the
HTLV-II involvement in disease is unknown (251),
The epidemiology of HTLV-II is unknown because
of the paucity of cases and the lack of a specific
screening test for HTLV-II (HTLV-l and -1 cross-
react in the HTLV- screen). The virus is presumably
transmitted via the same mechanisms as HTLV-L
The main known association of HTLV-II seropositiv-
ity is IV drug abuse. In one study, a surprising 52%
of the HTLV-1/1I seropositive U.S. blood donors an-
alyzed by a specific DNA amplification test were
infected with HTLV-II and were more associated
with a risk factor of IV drug use than the HTLV-I
seropositives (160).

Human Immunedeficiency Virus Type 2
In 1986, a second human retrovirus capable of caus-
ing AIDS was isolated from patients of West African
origin and was named HTIV-IV (144). The virus,
later renamed HIV-2, was very closely related to
simian immunodeficiency viruses, suggesting a re-
cent divergence from a common ancestor (223).
HIV-2 is endemic to western Africa where it is the
dominant HIV. Although HIV-2 seroprevalence
rates are high in this region (8.9% of adults in
Guinea-Bissau), the rate of AIDS is low (204), sug-
gesting that the ability to cause disease is less effi-
cient in FIV-2 than in HIV-1. HIV-2 cases have also
been reported with more frequency in Europe and
Canada, and seven cases have been reported in the
United States (53). AllU.S. subjects had West African
origins. The incidence in nonendemic populations is
difficult to estimate at this time until more specific
laboratory tests become available for widespread
screening. The current enzyme immunoassay labo-
ratory tests will only detect 46 to 96% of HIV-2-
positive sera (74). A positive enzyme immunocassay
test for HIV-1 with an indeterminate Western blot or
clinical AIDS with a weak or negative HIV-1 test
should raise the possibility of HIV-2 infection (135).
HIV-2 seems to be transmitted in the same way as
HIV-1. To date, no occupational infections have been
documented, although there is documentation of

parenteral transmission through IV drugs and blood
transfusions (77).

Human T-Lymphotropic Virus Type V
HTLV-V is the designation given to an apparently
new retrovirus isolated from a cluster of patients in
southern Italy with a clinical syndrome resembling
mycosis fungoides. This virus is significantly cross-
reactive with and genetically related to HTLV-I (16).
As with HIV-2 and HTLV-II, there is a lack of epide-
miologic data regarding HTLV-V.

~ Future retrovirologic research will no doubt re-
veal other retroviral agents responsible for other dis-
eases. For example, RT activity has been detected in
the cells of Kawasaki disease and may indicate a
retroviral etiologic agent (16).

Other Pathogens

Concern over laboratory-acquired infections has fo-
cused on HIV and the hepatitis viruses in recent
years. Additional infectious diseases may include a
septic phase in which agents are found in blood,
many for prolonged lengths of time. Table 4 catego-
rizes some of the documented occupationally or
nosocomially transmitted blood-borme agents into
three transmission groupings:

1. As with HIV and hepatitis viruses, trans-
mission of the agent and subsequent infection of the
health care worker might occur after percutaneous
or mucous membrane exposure to infected blood.

2. Some infectious agents have been transmitted
nosocomially through blood transfusions and pose a
potential occupational hazard via blood exposure.

3. Other blood-borne agents also infect tissues,

‘and laboratory-acquired infections have occurred

via contact with concentrated infectious material or
with experimentally infected animals, blood, or
excreta.

No published information is available regarding
the risk of occupational transmission of any of these
agents (Table 4). Most of the agents are rarely found
in the United States and may not pose a significant
risk at this time. For example, Chagas’ disease is
endemic in Latin America, where blood transfusions
frequently transmit the trypanosomes. FHowever,
Kerndt et al. (150) discovered a 2.4% seropositivity
rate in Los Angeles after testing more than 1,000
blood donations.

Syphilis cases in the United States, however, are
increasing in number with an incidence of 14.6 cases
per 100,000 persons, a rate similar to that of HIV and
HBV (261). Treponema pallidum, the causative agent
of syphilis, is found in highest numbers during the
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TABLE4 Nosocomial transmission of blood-borne
pathogens other than HIV or hepatitis viruses

. secondary hematogenous stage but is also found
intermittently in blood if syphilis is left untreated.
Nosocomial transmission of syphilis has occurred
by needlesticks, blood transfusions, and tattooing

1. Agents known to cause occupational infections in

2. Agents known to cause nosocomial transmission ~
of infection through blood transfusions or tatfoos

health care workers from percutaneous or mucous

membrane exposure to blood
HTLV-I(146) '
Treponema pallidum (syphilis) (252)
Plasmodium (malaria) (15, 20, 29)
Borrelin (261)

Rickettsia rickettsii (Rocky Mountain spotted
fever) (238} :

Mycobacterium leprae (leprosy) (174)
Viral hemorrhagic fever viruses:
Lassa (89)
Marburg (244)
Ebola (126}
Crimean-Congo (26}

{potential occupationai hazards)
Treponema pallidun (syphilis) (252)
Plasmodium sp. (malarié) (97,113)
Babesia microti (110, 245)

Brucella (261)

Colorado tick fever virus (190)

Cytomegalovitus (8)

Trypanosoma brucei gambiense (African
trypanosorniasis) (128)

Trypanosoma cruzi (Chagas’ disease) (24, 150)

Leishmania sp. (24)

Mycobacterium leprae (leprosy) {203)

Parvovirus B19 (191)

3. Blood-borne agents associated with laboratory-

acquired infection via highly concentrated
material or infected animals

Plasmodium sp. (malaria) (137)
Leptospira sp. (leptospirosis) (206)
Arboviruses (117)

Colorado tick fever virus (248)
Ebola virus {81)

Trypanosoma cruzi (22, 30, 132)
Leishmania sp. (92, 234)
Toxoplasma gondii (85, 220)

Rickettsia rickeisii (Rocky Mountain spotted
fever) (140)

Parvovirus B19 (68)

Brucella (133, 206)

Treponema pallidum (syphilis) (206)
Lassa fever virus (162}

Trypanosoma brucei gambiense (African
trypanosomiasis) (229)

Botrelia sp. (84)

(252), as well as in laboratory environments {206).

Most of these agents have not been implicated in
documented occupational infections with clinical
exposures, but the amount of infectious agents
present during septic phases of infection indicate the
real potential for percutaneous transmission. For
example, Babesia microti is present in 30 to 85% of
peripheral red blood cells during the parasitemia
stage of infection (255) and has been transmitted
through blood transfusions (110, 245). In aciite
Brucella melitensis infections, 70 to 90% of blood
cultures will grow the organism (7, 109). Human
parvovirus B19 can demonstrate a high viral titer
(10%° virions/ml) during a brief viremic stage (8)
and has been transmitted through blood transfu-
sions. In fact, Barbara and Contreras (8) estimated
that up to 90% of recipients of factor VIIf are likely to
be seropositive for parvovirus B19, the causative
agent of erythema infectiosum, also known as fifth
disease.

Amplification of some blood-bome agents in the
laboratory environment has resulted in laboratory-
acquired infections due to contact with higher doses
of agent than is found in clinical situations. In many
of the reported laboratory-acquired cases listed in
category 3 of Table 4, no specific incident for expo-
sure could be recalled. Rather, the infected employee
simply “worked with the agent” (117, 206), implying
either aerosolization of high titers of organisms or
inadvertent inoculation of mucous membranes or
nonintact skin. Most of the agents listed in cate-
gory 3 of Table 4 caused an occupational infection
before the publication of the standard laboratory
containment guidelines (225) designed to protect
laboratory workers from aerosols, splashes, and
other hazardous exposures.

Table 4 is not a hierarchy of risk of transmission
nor is it all inclusive for blood-borne agents, The
agents listed in the table with potential risk of trans-
mission and the increasing prevalence of recognized
and new retroviruses should be a reminder that lab-
oratory safety policies should not focus on the risk
of transmission of one or two agents. Emphasis
should be placed on the development of standard
laboratory practices for handling blood and other
potentially infectious materials from all human
sources in the clinical setiing and the need to comply
with published safety guidelines based on potential
roufes of transmission and procedures performed in
the clinical and research laboratory environment.
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STRATEGIES FOR INFECTION PREVENTION

Within 1 year of the first recognized cases of the
newly defined disease AIDS, the CDC issued guide-
lines (33) for clinical and laboratory staff regarding
appropriate precautions for handling specimens col-
lected from AIDS patients. Updates from the CDC in
+ 1983 (34) and 1985 (37, 38) re-emphasized precau-
tions that had been recomumended previously for
handling specimens from patients known to be in-
fected with hepatitis B (i.e., minimizing the risk for
transmission by the percutaneous, mucous mem-
brane, and cutaneous routes of infection). After an-
ecdotal laboratory-associated infections with HIV
were reported, the CDC issued its first agent sum-
mary statement for work with HTLV-III/LAV in
1986 (41). The statement included a summary of
laboratory-associated infections with HTLV-II (HIV),
the hazards that might be encountered in the labora-
tory, and advice on the safety precautions that
should be taken by laboratories. Biosafety level
(BSL) 2 precautions were recommended for work
with clinical specimens, body fluids, or tissues from
~ humans or laboratory animals known or suspected to
contain HTLV-III/LAV (HIV). BSL 3 additional prac-
tices and containment equipment were recommended
for activities involved with culturing research labo-
ratory-scale amounts of the virus. A BSL 3 facility
and BSL 3 practices and procedures were recom-
mended for all work involving industrial-scale,
large-volume concentrations of the virus (Table 5).
Reports issued by the CDC (43) in May 1987 doc-
umented that laboratory workers and other clinical

TABLE5 CDC/NIH recommended-precautions for
laboratory work with HIV-1*

Practices
and
Facility procedures

BSL 2 BSL2

Activities involving:

Clinical specimens

Body fluids )

Human or animal tissues.
infected with HIV

Growing HIV at research
Iaboratory scale

Growing HIV-producing cell
lines

Working with concentrated HIV

" preparations

Droplet or aerosol production

HIV at industrial-scale levels

Large volume or high
concentration

Production and manipulation

BSL2 " BSL3

BSL 3 BSL 3

TAdapted from reference 197,

staff were occupationally infected with HIV via non-
intact skin and mucous membrane exposures. Be-
cause the HIV serostatus of the patient sources was
unknown at the time of exposure and the exposures
were nonparenteral, the CDC issued the “universal
blood and body fluid precautions” recommenda-
tions in August 1987 (42). The main premise in-
volves the careful handling of all blood and body
fluids as if all were contaminated with HIV, HBV, or
other blood-borne pathogens. This “universal pre-
cautions” concept formed the basis for all subse-
quent recommendations from the CDC (48, 51) and
other professional organizations such as the Na-
tional Committee for Clinical Laboratory Standards
(NCCLS) (196). A summary of the universal precau-
tions recommendations for clinical laboratories ap-
pears in Table 6.

The counterpart of universal precautions in a lab-
oratory situation involves the consistent use of BSL 2
facilities and practices as outlined in the CDC/NIH
manual Biosafety in Microbiological and Biomedical
Laboratories (225-227; Appendix I). The BSL 2 pre-
cautions are most appropriate for clinical settings or
when exposure to human blood, primary human tis-
sue, or cell cultures is anticipated. Standard microbio-
logical practices form the basis for BSL 2, with
additional protection available from personal protec-
tive equipment (PPE) and BSCs when appropriate.

In 1988, two reports of research laboratory work-
ers with documented occupational HIV infection
prompted an investigation by an expert team to re-
view possible sources of exposure and any need to
revise current practices to reduce hazards in the re-
search laboratory (46). Subsequently, an agent sum-
mary update was issued and included in the 1988
edition of Biosafety in Microbiological and Biomedical
Laboratories (226). The expert team did not advise
alteration of the CDC/NIH biosafety recommenda-
tions for laboratories but stressed the need for rein-
forcement of safety practices through proficiency
and administrative discipline.

In addition to the advisory nature of the CDC/
NIH guidelines, OSHA, issued a final standard to
regulate occupational exposure to blood-borne
pathogens (262) (see Appendix II). The standard
builds on the implementation of “universal precau-
tions,” specifying the need for control methods,
training, compliance, and record keeping. The com-
ponents of the OSHA standard are outlined in
Table 7.

OSHA also recognizes that employees in HIV/
HBYV research laboratories and production facilities
may be placed at a higher risk of infection after an
exposure because of the concentrated preparations
of viruses. Requirements for practices and special
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TABLE6 Summary of universal precautions for laboratories—CDC"

1. Universal precautions should apply to blood and all body fluids containing visible blood, semen, vaginal
secretions, tissues, cerebrospinal fluid, synovial fluid, pleural fluid, peritoneal fluid, pericardial fluid, and

amniotic fluid.

2. Hands should be washed immediately when contaminated with blood or other bodily fluids, after removing

gloves, and after completing laboratory activities.

3. Use of needles and syringes should be limited to situations in which there is no alternative. If used, needles
should not be recapped, purposely bent or broken by hand, removed from disposable syringes, or otherwise
manipulated by hand. After use, disposable syringes and needles, scalpel blades, or other sharp items
should be placed in puncture-resistant containers for disposal; these containers should be located as close as
practical to the use area. Reusable sharps should be placed in a puncture-resistant container for safe

transport to the processing area.

4, Laboratory workers should use protective barriers appropriate for the laboratory procedure and the type and

extent of exposure anticipated. For example:

All persons processing blood specimens should wear gloves.
Phlebotomists should wear gloves when they have cuts, scratches, or other breaks in the skin, when hand
contamination is predictable (i.e., uncooperative patient, or heel or finger sticks on infants and children), and

when receiving training in phlebotomy.

Surgical or examination gloves should not be washed or disinfected for reuse.

General-purpose utility gloves should be used for housekeeping, instrument cleaning, and decontamination
procedures and can be decontaminated and reused as long as they remain intact.

Masks and protective eyewear or face shields should be worn if mucous membrane contact with blood or bodily
fluids is anticipated (i.e., removing tops from vacuum tubes).

Gowns, laboratory coats, or aprons should be worn during procedures that are likely to generate splashes of
blood or bodily fluids and should be removed before leaving the laboratory.

Routine procedures, such as histologic and pathologic studies or microbiclogic culturing, do not require a BSC.
B5Cs (class I or IT) should be used whenever procedures are conducted that have a high potential for
generating droplets (i.e., blending, sonicating, and vigorous mixing). _

5. All specimens of blood should be put in a well-constructed container with a secure lid to prevent leakage during

transport.

6. Mechanical pipetting devices should be used in the laboratory. Mouth-pipetting must not be performed.

7. Laboratory work surfaces should be cleaned of visible material and then decontaminated with an appropriate
chemical germicide after a blood or bodily fluid spill and when work activities are completed.

8. Contaminated materiais used in laboratory tests should be decontaminated before reprocessing or be placed in
bags and disposed of in accordance with institutional and regulatory policies for disposal of infective waste.

9. Contaminated scientific equipment should be clean and then decontaminated before repair in the laboratory or

transport to the manufacturer.

10. Area posting of warning signs should be considered to remind employees of continuing hazards of infectious

disease transmission in the laboratory.

"Modified from references 42, 48, and 51.

procedures, facility design, and additional training
for these workplace situations are included in the
OSHA standard and are consistent with the
CDC/NIH laboratory bicsafety guidelines for BSL 2
and 3.

Specific Precautions

OSHA has issued the blood-bozrne pathogen stan-
dard as a “performance” standard. That is, the em-
ployer has a mandate to develop an exposure
control plan to provide a safe work environment but
is allowed some flexibility in accomplishing this
goal. The OSHA standard includes the basic philos-
ophy of the CDC “universal precautions,” along
with combinations of engineering controls, work
practices, and PPE to accomplish the intent of the

standard (Appendix II). Exposure control plans for
laboratories must adhere to the rules of the OSHA
standard but can also benefit from safety recommen-
dations from other professional organizations such
as the CDC, NIH, or NCCLS. The following recom-
mendations may be used to augment a laboratory
safety plan .

Sharxps Precautions

Because injuries from contaminated sharps repre-
sent the highest risk for HIV transmission, clinical
and research laboratory safety plans should restrict
the use of needles and other sharp instruments in
the laboratory for use only when there is no alterna-
tive, such as performing phlebotomy. For many lab-
oratory procedures, blunt cannulas or small-bore
tubing can be substituted, If needles must be used,
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TABLE7 Summary of OSHA blood-borne pathogen standard requirements’

L Exposure control plan (ECP): the establishment’s written or oral policy for implementation of procedures relating

to control of infectious disease hazards
I, Components of the ECP include:
A. Exposure risk determination for all employees
B. Control methods:

1. Universal precautions: a method of infection control in which all human-derived blood and potentially
infectious materials are treated as if known to be infectious for HIV or HBV

2. Engineering controls: use of available technology and devices to isolate or remove hazards from the worker
(biosafety cabinets [BSCs], puncture-resistant sharps containers, mechanical pipetting devices, and covered

centrifuge canisters)

3. Work practice controls: alterations in the manner in which a task is performed to reduce the likelihood of
exposure to the worker (standard microbiologic practices in laboratories [e.g., Biosafety Level 1 practices],
disposal of needles without recapping or breaking)

4. Personal protective equipment (PPE): specialized clothing or equipment used by workers to protect
themselves from exposures (gloves, gowns, laboratory coats, fluid-resistant aprons, face shields, masks,

eye protection, and head and foot coverings)

5. Additional requirements for HIV and HBV research laboratories.and production facilities:
Biosafety level 3 (BSL 3) special practices and containment equipment

Research facility meets BSL 2 design criteria
Production facility meets BSL 3 design criteria

. Housekeeping practices
Laundry practices

. Regulated waste disposal
. Tags, labels, and bags

Ommon

H. Hepatitis B vaccination
1. Postexposure evaluation and follow-up
I

Training and education programs: additional training for employees in HIV or HBV research laboratories and
production facilities before work with HIV or HBV

Record keeping: includes mecdical records, training records, and maintaining availability of records

I, Administrative controls: to develop the ECP; to provide support of the ECP and provide accessibility of control
methods, monitor compliance, and survey for effectiveness; and to investigate exposures for prevention of future

occurrences

“From reference 262.

the use of “self-sheathing” needles designed to
prevent neediesticks should be considered. Used
needles should never be bent, broken, recapped, re-
moved from disposable syringes, or otherwise ma-
nipulated by hand before disposal; rather, they
should be carefully placed in conveniently located
puncture-resistant containers (227). Removal of
needles from nondisposable Vacutainer sleeves or
syringes should be accomplished with a mechanical
device such as forceps or hemostats or by using
notched slots designed into needle boxes for safe
removai of the needle, The OSHA standard allows a
“one-handed” recapping technique only if there is
no alternative feasible. All disposable sharps en-
countered in the laboratory, including pipettes,
microtome blades, micropipette tips, capillary tubes,
and slides, should also be carefully placed in conve-

niently located puncture-resistant containers for dis-
posal. Nondisposable sharps should be placed in a
hard-walled container for transport to a processing
area. : :

Plasticware should be substituted for glassware
whenever possible. Broken glassware should never
be handled directly by hand but must be removed
by mechanical means such as a brush and dustpan,
tongs, or forceps. Cotton swabs can be used to re-
trieve small slivers of glass.

Engineering Controls

Recognizing that human behavior is inherently less
reliable than mechanical controls, OSHA advocates
the use of available technology and devices to iso-
late or remove hazards from the worker. The use of

_self-sheathing needles is an example of an engineer-
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ing control to help isolate the worker from the haz-
ard of needlestick exposure.

Another engineering control in the laboratory is
the use of a properly maintained BSC to enclose
" work with a high potential for creating aerosols or
droplets (i.e., blending, sonication, necropsy of in-
fected animals, intranasal inoculation of animals, or
opening lyophilized vials under pressure). A/l work
with infectious material in an HIV research labora-
tory should be performed in a BSC or other physical
containment device. For example, high-energy ac-
tivities such as centrifugation that are performed
outside a BSC should be designed for aerosol con-
tainment. Sealed safety cups or rotors should be

used for centrifugation and changed out in a BSC. -

Before centrifugation tubes should be examined for
cracks, and any glass fragments in the centrifuge
cups should be carefully removed with forceps or
hemostats, Microwell plate lids can be sealed with
tape or replaced with adhesive-backed mylar film
before centrifugation.

Plastic shielding can be used to reduce the expo-
sure to splatter or droplets from fluorescent acti-
vated cell sorters or other autorated laboratory
equipment that might generate droplets of infec-
tious material. Likewise, the Plexiglas radiation
shield used in RT assays offers protection from
splatter. However, if used in a BSC, the sloped top
may divert airflow in the cabinet and must be re-
moved to provide optimal protection by the BSC.

High-speed blenders and grinders are available
that contain aerosols of infectious material but need
to be opened in a BSC after processing. Enclosed
electrical incinerators are preferable to open Bunsen
bumer flames for decontaminating bacteriologic
loops to prevent splatter and may be used within or
outside of a BSC.

Work Practice Controls

The manner in which a task is performed can mini-
mize the likelihood of exposures in the laboratory.
For exampie, careful disposal of used needles with-
out recapping or otherwise manipulating by hand
can reduce the likelihood of needlesticks.

Standard microbiological practices have been rec-
ommended by CDC and NIH guidelines (226, 227)
for all laboratory containment levels (see Appen-
dix I). Most of the practices are designed to prevent
indirect transmission of infectious material from en-
vironmental surfaces to the hands and from hands
to the mouth or mucous membranes. Such practices
include prohibition of mouth pipetting, eating,
drinking, smoking, applying cosmetics, or handling
contact lenses in the laboratory and attention to en-
vironmental decontamination.

One of the best work practices for any laboratory
setting is that of frequent and adeqguate handwash-
ing when hands are visibly contaminated, after com-
pletion of work, before leaving the laboratory, after
removing gloves, and before eating, drinking, smok-
ing, or changing contact lenses. Any standard hand-
washing product is adequate, but products should
be aveided that disrupt skin integrity. When knee- or
foot pedal-controlled faucets are not available, faucets
should be turned off by using the same paper towels
used to dry hands to prevent recontamination of
hands. Proper attention to handwashing will pre-
vent inadvertent transfer of infectious material from
hands to mucous membranes (see alse Chapter 17).

"In most clinical settings, skin lésions may be cov- .
ered by occlusive dressings and, if lesions are on the
hands, gloves worn over the dressings to prevént
contamination of nonintact skin. However, workers
with skin lesions or dermatitis on hands or wrists
should not perform procedures with concentrated
HIV material even if wearing gloves. Other work
practices can reduce the amount of splatter from
laboratory procedures. Covering pressurized vials
with plastic-backed or alcohol-soaked gauze when
removing needles or when removing tops of pres-
surized Vacutainer tubes will minimize the expo-
sure to splatter. To prevent popping stoppers on
evacuated tubes or vials, blood should never be
forced into the tube by exerting pressure on the sy-
ringe plunger; rather, tubes and vials should be
filled by internal vacuum only. Extreme caution
should be used when handling pressurized systems
such as continuous-flow centrifuges, apheresis, or
dialysis equipment. Use of imperviously backed ab-
sorbent material (“lab diapers”) can reduce the
amount of splatter on laboratory work surfaces
when liquids accidentally leak or fall during labora-
tory procedures and can aid in laboratory cleanup.
The air intake and exhaust grills in BSCs must be
kept clear of any surface covers or equipment.

Safe transport of specimens or infectious material
within the laboratory or to other areas can minimize
the potential for accidental spills or injuries. Speci-
mens should be placed in a closed leakproof
primary container and covered with a secondary
container (i.e., a plastic bag of appropriate size and
strength} to contain any leaks during transport. The
OSHA regulations do not mandate labeling or color-
coding specimens if the specimens are handled only
within the facility, a policy implementing “universal
precautions” is in effect, and the containers are rec-
ognizable as human specimens. Bulk samples may
be safely transported in a rack within a sealable
plastic container such as a modified “tackle box.”
The box should be Jabeled with a biohazard symbol
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or be color-coded if the contents are not clearly visi-
ble as specimens. '

Luer caps should be used to transport syringes
(after needles are removed with forceps or hemo-
stats and properly disposed) or needles carefully
recapped using a one-handed technique. Capillary
tubes should be transported in a solid-walled sec-
ondary container such as a screw-top test tube.
Transport of cultures or hemocytometers from the
BSC within the laboratory may be facilitated by
placing them on a tray to limit the number of trips
and opportunities for spillage. .

Designation of “clean” versus “dirty” areas of the
labaratory or within BSCs can help prevent inadver-
tent. contamination. Work should be planned to
move from clean areas to dirty areas. Routine clean-
ing of work surfaces must be performed after proce-
dures are completed and at the end of each work
shift, with additional decontamination as needed for
spills. Routine cleaning can be accomplished using a
variety of disinfectants including iodophors regis-
tered as hard-surface disinfectants, phenolics, and
70% ethanol (with consideration given to the need
for longer contact time when decontaminating dried
viral cultures [116]). Diluted bleach has been most
widely used for routine disinfection (10% bleach
[0.5% sodium hypochlorite] for porous surfaces and
1% bleach [0.05% sodium hypochloerite] for cleaned,
hard, and smooth surfaces). Aldehydes are not rec-
ommended for surfaces because of their potential
toxicity. Further information on disinfection may be
found in Chapter 17,

Prompt decontamination is important after spills
of infectious materials, because HIV is able to sur-
vive for several hours in the environment (Table 1).
Appropriate spill clean-up in a clinical setting
should be carried out by a trained employee using
appropriate PPE and the following methods:

1. Absorb the spill with towels or “lab diapers”
to remove the extraneous organic material.

2. Clean with soap and water.

3. Decontaminate with an appropriate disinfec-
tant. (The CDC recommends an EPA-registered
“hospital disinfectant” that is also “tuberculocidal”;
or a 1 to 10% bleach solution fone part of household
bieach to nine parts of water] is sufficient [42].)

Large spills of cultured or concentrated agents may
be safely handled with an extra step:

1. Flood the spill with an appropriate disinfec-
tant or absorb the spill with granular material im-
pregnated with disinfectant.

2. Carefully soak up the liquid material with ab-
sorbent material (paper towels) or wipe or scrape up

the granular absorbent material and dlspose of ac-
cording to the waste disposal policy.

3. Clean the area with soap and water.

4. Decontaminate with fresh disinfectant.

Laboratory equipment (analyzers, centrifuges,
pipettors) should be checked routinely for contami-
nation and appropriately decontaminated after use
with potentially infectious materials. Equipment
sent for repair must be decontaminated before leav-
ing the laboratory or labeled as to the biohazard
involved and packaged to prevent the exposure of
transport and repair personnel.

Because the intent of the OSHA blood-borne
pathiogen standard is worker protection, the rules
for appropriate waste disposal emphasize adequate
packaging. Sharps disposal containers must be
puncture- and leakproof as well as easily accessible.
Other regulated (“infectious” or “medical”) waste
must be placed in leakproof containers or bags that
are colof-coded red or orange or labeled with the
word biohazard or the universal biohazard symbol.
All disposal containers should be replaced before
they are full.

Blood or body flu1ds may be disposed of by care-
fully pouring down the sanitary sewer if local health
codes permit but preferably not poured into a sink
used mainly for handwashing. Liquid and solid cul-
ture materials, however, must be decontaminated
before disposal, most commonly by steam steriliza-
tion (autoclaving). Tissues, body parts, and infected
animal carcasses are generally incinerated: All con-
taminated laboratory waste from HIV research-scale
laboratories or production facilities and animal
rooms must be decontaminated before disposal
(BSL 3 practices). Additional regulated waste defini-
tions and requirements may exist locally and must
be consulted for proper disposal policies.

Personal Protective Equipment - .
Another strategy to minimize worker exposure to .
infectious material is the use of PPEs that are appro-
priate for the laboratory procedure and the type and
extent of exposure anticipated. Examples include a
variety of gloves, gowns, aprons, and face, shoe, and
head protection. Appropriate selection and use of
PPEs are discussed in more detail in Chapters 11 and
13. PPE may be used in combination with engineer-
ing controls or work practices for maximum worker
protection.

Gloves are required by OSHA when hand contact
with blood, other potentially infectious materials,
mucous membranes, or nonintact skin is reasonably
anticipated. The federal regulations also require
gloves when handling or touching contaminated
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itemns pr surfaces and for performing vascular access
procedures. (The excepiion for trained phleboto-
mists [Table 6] is only allowed in volunteer blood
donation centers.) Gloves are appropriate in the lab-
oratory when handling clinical specimens, infected
animals, or soiled equipment, when performing all
laboratory procedures with potentially infectious
materials in clinical or research laboratories, when
cleaning spills, and when handling waste.

For routine procedures, vinyl or latex gloves are
effective when appropriately used for prevention of
skin exposure to infectious materials. These gloves
are not sufficient protection against puncture
wounds from needles or sharps. However, there is
evidence of a “wiping” function that may reduce the
amount of blood 'or infectious material brought
through from the outside of the needle as it pene-
trates a glove or combination of gloves. Johnson et
al. (138) found that two or three layers of lateX
gloves appeared to reduce the frequency of HIV-1
transfer by surgical needles to cell cultures. They
also found that Kevlar gloves (untreated), Kevlar
gloves (tréated with the virucidal compound non-~
oxynol-9), and nonoxynol-9-treated cotton gloves
used as intermediate layers between two layers of
latex gloves significantly reduced the amount of

HIV-1 transfer when compared with a single latex

glove barrier. Gerberding et al. (103) reported that
when surgeons wear double gloves, the rate of
puncture of the inner glove is three times less than
the rate of puncture of a single glove.

Other gloves are available that provide puncture
“resistance” such as stainless steel mesh (chain mail)
gloves to protect against injury from large sharp
edges such as knife blades. Nitrile gloves (synthetic
rubber) have some degree of puncture resistance
that may eliminate problems of tears from rings or
fingernails, yet retain the necessary dexterity re-
quired for performing laboratory procedures. A thin
leather glove has been developed that can be worn
under latex gloves for an additional barrier against
needlesticks or animal bites. Even heavyweight util-
ity gloves (dishwashing gloves) provide extra pro-
tection and should be worn when the procedure
permits, such as cleaning contaminated equipment
or spills.

Undetected holes and leaks require that gloves be
inspected by the user and changed when necessary.
The Food and Drug Administration has issued ac-
ceptable quality limits for defects at 2.5% defective
for surgeons’ gloves and 4.0% for latex examination
gloves (263), although the acceptable quality limit
varies widely among manufacturers. The reported
percentage of defects caused by holes for nonsterile
latex gloves ranges from 0 o 32%, and for nonsterile

vinyl gloves, from 0 to 42% (196). Clearly, for high-
risk situations such as gross contamination of gloves
with blood, bloody body fluid, or high concentra-
tions of HIV-1, the use of double gloves will lower
the risk of hand contamination from seepage
through undetected glove defects. Although they
are more puncture-resistant, nitrile gloves are de-
signed to tear apart when any pressure is applied to
a hole in the glove, so that any defect in the glove
can be detected. '

Dispesable latex and vinyl gloves must not be
washed or disinfected for reuse, Detergents may
cause enhanced penetration of liquids thwough un-
detected holes, causing a “wicking” effect (48, 196).
Disinfectants, such as 70% ethanol, can also enhance
the penetration of the glove barrier and facilitate
deterioration (152, 196).

Gloves must be changed when visibly contami-
nated, torn, or defective or when tasks are com-
pleted. Because hands may be madvertently
contaminated from laboratory surfaces, gloves
should be removed before handling telephones,
doorknobs, or “clean” equipment. Alternatively,
“dirty” equipment may be designated and marked
to be handled only with gloved hands. Laboratory
workers should practice the aseptic technique for
glove removal (i.e., the contaminated outside of the
gloves is turned inside as gloves are removed to
protect the worker from skin contamination). Hands
should always be washed after glove removal.

When soiling of clothing is anticipated, labora-
tory coats, gowns, or aprons are recommended.
However, when a potential for splashing or spray-
ing exists, solid-front, appropriately fluid-resistant
gowns should be selected. If the anticipated expo-
sure involves soaking, solid-front fluidproof gowns
are required, as well as hoods or caps, facial protec-
tion, and shoe covers. BSL 3 practices advise a solid-
front or wrap-around, long-sleeved gown or
coveralls for adequate protection in research labora-
tories or production facilities.

Gowns with tightly fitting wrists or elasticized
sleeves should be worn for work in BSCs. Alterna-
tively, water-resistant “gauntlets” that provide a
barrier between the glove and the laboratory coat
are available to reduce skin exposure of the wrist
and arm. : '

Laboratory coats or gowns should not be womn
outside the laboratory. In HIV-1 research labora-
tories or production facilities, the gowns or other
protective clothing must be decontaminated before
laundering or disposal (BSL 3 practices).

When splashing of bleod or infectious material
into the mucous membranes of the face is antici-
pated, a mask and goggles or face shield must be
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used. Most laboratory procedures involving this de-
gree of potential exposire should be conducted
within containment equipment such as a BSC. Face
protection might be needed for activities conducted
outside a BSC, such as performing an arterial punc-
ture, removing cryogenic samples from liquid njtro-
gen, or in some animal care areas. Masks and eye
goggles or face shields also serve a passive function
as a means of preventing accidental contact of con-
taminated gloved hands with the eyes, nose, and
mouth during the course of work activities.

Whatever the PPE needs of any particular labora-
tory, OSHA requires that the employer provide an
adequate supply of PPEs in the appropriate sizes.
Hypoallergenic gloves must be avajlable for em-
ployees who develop allergies to glove material or
the powder inside gloves. Any defective PPE must
be replaced, and reusable protective clothing muist
be laundered and maintained by the institation. Fi-
nally, all laboratory workers must be instructed in
the proper use of PPEs and their location.

Animal Research

Nonhuman Primates _

Until recently, HIV studies in animals were re-
stricted to nonhuman primates. Chimpanzees can
be successfully infected with HIV-1, although they
do not demonstrate disease (91}. A potentially new
animal model of HIV infection has been reported by
Agy et al. (2). This group has successfully infected
Macaca nemestrina with HIV-1. Like chimpanzees,
this animal demonstrates infection but not disease.
The advantages are the lower cost and greater avail-
ability of the animals.

Simian immunodeficiency virus (SIV), a retro-
virus closely related to HIV-1 and HIV-2, has been
isolated from several species of nonhuman primates
(African green monkeys [200], sooty mangabeys
[94], and macaques [71]) and is used as a model for
HIV infection. Two laboratory workers have sus-
tained exposures (one needlestick, one open skin
lesion) and subsequently seroconverted with anti-
bodies to SIV (59). Both remain well, with no clinical
or laboratory evidence of immunodeficiency to date.
These two laboratory-acquired infections emphasize
the need to adhere to the specific guidelines that
have been published for research with nonhuman
primates to minimize the risk of HIV-1 and SIV
transmission. to laboratory workers and animal
handlers (23, 45, 50). BSL 2 practices, containment
equipment, and facilities for animals (see Appendix
1) are recommended in both instances, with an addi-
tional note to use face shields or surgical masks and
eye shields as appropriate in animal rooms to pro-

tect the mucous membranes of the eyes, nose, and
mouth from excreta that may be thrown by animals.
To avoid accidental injuries during inoculations or
other procedures on animals, both chemical and
physical restraints may be used (270).

SCID Mice

Two mouse models were developed in 1988 that
allow in vivo studies of HIV in human cells. The
models were constructed by engrafting either
human peripheral blood leukocytes (192} or human
thymus, lymph node, and liver tissue (SCID-hu)
(183) into severe combined immunodeficient (SCID)
mice. The human peripheral blood leukocyte SCID
mice and SCID-hu mice can then be infected with
HIV-1 and demonstrate syndromes that closely re-
semble human infection (195).

To minimize the potential risk to laboratory
workers and the community from research with
HIV-infected mice, all studies were initially con-
ducted in containment facilities following practices
that met or exceeded BSL 3 standards. In 1990, a
working group sponsored by the National Institute
of Allergy and Infectious Diseases reviewed studies
conducted on the C.B17-scid/scid mouse (182). The
participants concluded that the level of viremia in
these infected mice does not exceed that of humans,
and the likelihood of HIV interaction with endoge-
nous viruses to produce a pseudotype virus with an
aitered route of transmission is low. It was agreed
that research on the HIV-infected SCID mouse could
be conducted safely in BSL 2 facilities using BSL 3
practices. However, BSL 2 facilities should incor-
porate design features that prevent escape of HIV-
infected animals. The workshop participants also
agreed that animal studies likely to generate HIV
pseudotypes should be conducted under BSL 3 con-
ditions until further evaluation of this potential.
Also, any research in which HIV is purposely

. coinfected with mouse amphotropic or xenotropic

retroviruses (e.g., murine leukemia virus} or human
lymphocytotrophic viruses (e.g., Epstein-Barr virus
or cytomegalovirus) should be conducted at BSL 3.
Appropriate precautions should also be taken for
work with SCID mice other than type C.B17. Infor-
mation on the risk of exposure to replication-compe-
tent retroviruses can be found in Chapter 9. ’

Transgenic Mice

Transgenic mice have been developed as another
animal model that contain inserted copies of HIV
proviral DNA. Leonard et al. (163) demonstrated
that some transgenic mice develop a fatal disease
that mimics AIDS inhumans, Although no biosafety
recormmendations have been published specifically
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addressing this animal model, concerns over ani-
mals escaping, mating in the wild, and possibly ex-
tending the host range of the virus have prompted
researchers to use BSL 3 facilities primarily for ani-
mal containment (270).

Other

Another small animal model, the New Zealand
white rabbit, is used for HIV in vivo research (155),
constructed by injection of an HIV-infected human
T-cell line. Infected rabbits have also been studied in
BSL 2 facilities with manipulations carried out using
BSL 3 practices by the laboratory workers.

Other Research Concerns

Vaccinia Vectors

Advances in recombinant DNA research techniques
and peptide synthesis have enabled researchers to
identify and clone proviral DNA forms of HIV, with
expression of viral proteins. The viral proteins can
then be used for drug and vaccine development
studies {240). The vaccinia virus has been genetically
engineered to contain foreign DNA from one or

more infectious agents, including HIV. The recombi-"

nant vaccinia virus can then express the protein an-
tigens of HIV (62, 193). Because laboratory-acquired
infections with vaccinia and recombinant vaccinia
have been reported (141, 206), the CDC recommends
that the vaccinia vaccine be given to laboratory
workers who directly handle vaccinia cultures or
who handle animals contaminated or infected with
vaccinia or recombinant vaceinia (58).

HIV Proteins

Because some of the expressed proteins may be im-
munogenic, concern has been expressed that labora-
tory workers exposed to the proteins may develop
HIV-specific antibodies and demonstrate a false-
positive Western blot test for determination of HIV
infection (221). Although the initial concern is a
psychosocial one, the impact on the workers’ im-
mune response to any subsequent HIV vaccination
attempt is unknown.

HIV Proviral DNA

Letvin et al. (164) infected macaques by inoculation
with SIV proviral DNA. They speculate that HIV
viral DNA may be infectious for laboratory workers
and call for researchers to evaluate DNA handling
techniques carefully.

The fast pace of HIV research developments and
techniques requires careful planning to prevent ex-
posures to HIV, HIV proteins, or HIV proviral DNA.
Attention to the BSL 2 or 3 recommendations, as

well as training and monitoring laboratory workers
for safe work practices, will minimize this risk.

Employee Training and Monitoring

One of the most important components of an expo-
sure control plan for the laboratory is a formal train-
ing program. Mere “on-the-job” training is not
acceptable as adequate safety training in the labora-
tory. Recommendations from the CDC (46) and the

- NCCLS (196) that emphasize education of labora-

tory workers have been incorporated into the OSHA
blood-borne pathogen standard (262; Appendix II).

Interactive training sessions must be conducted
on initial hire and with annual updates by a person
knowledgeable about the standard. Employees
must be educated regarding their risks and the
institution’s plan to control these risks. Specific re-
quired components of the training program may be
found in Appendix II.

Recognizing the increased risk of working with
concentrated viral preparations, OSHA requires that
employees in HIV research laboratories and produc-
tion facilities receive additional initial training. Em-
ployees in these situations must demonstrate
proficiency in standard microbiological practices as
well as practices and techniques specific to the facil-
ity before work with HIV. This might include prior
experience in handling human pathogens or tissue
cultures or participation in a training program with
a progression of work activities to develop profi-
ciency before pathogens are handled.

Employers must ensure compliance with the
OSHA standard. The CDC (46) and the NCCLS (196)
recommend that workplace practices be monitored
at regular intervals by a biosafety expert. The
NCCLS suggests that audits be conducted to evalu-
ate the existence and effectiveness of training pro-
grams and the appropriate training of the safety
instructors. The audit should also examine the ade-
quacy of the laboratory facilities and equipment, the
standard operating practices, and the written safety
protocols. Corrective measures should be im-
plemented if needed. If breaches in protocol are de-
tected, employees should be re-educated and, if
necessary, disciplinary action taken.

OCCUPATIONAL HEALTH ISSUES
Vaccination

Historically, vaccines have been the most effective
and safest prevention strategy in a biosafety pro-
gram. One of the best examples of this approach for
the laboratory is the hepatitis B vaccine, now man-
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dated by OSHA as an important component of a
workplace exposure control program (262). How-
ever, the unique properties of the HIV virus and the
complex social issues involved with the disease
have made efforts to design and test a safe effective
vaccine very difficult. Obstacles to the development
of a vaccine include the many antigenic variants of
the virus, the fact that HIV is not only transmitted as
free virus but integrated into the DINA of the host
cells, the risk of immunopathology by viral proteins,
no known animal model that consistently demon-
strates infection and disease, the need for systemic
and mucosal immunity, the unknown long-term pro-
tective response of antibodies, and the complex is-
sues associated with strategies for large-scale testing
of a candidate vaccine (19, 66).

Vaccine Strategies

The most common approach to HIV vaccine devel-
opment to date is the use of protein subunits of the
virus, via recombinant DNA and genetic engineer-
ing (231), purified native proteins from infected cells
(11), or synthetic peptides from the HIV envelope or
core (149), Seven clinical trials are in progress using
HIV-1 recombinant envelope vaccines and two trials
using core peptides (98). Multiple antigens may be
required, however, for effective protection. Soluble
subunit vaccines rarely induce cytotoxic responses
unless presented in a special adjuvant or delivery
system.

Such an approach is that of live virus recombi-
nants (non-HIV viruses such as vaccinia) used as
vectors combined with HIV envelope genes (62, 193)
with a follow-up booster with recombinant enve-
lope protein (186). The “prime-boost” combination
produces a strong cellular immune response. How-
ever, large efficacy trials using vaccinia as a vector
will not be entirely safe unless the vaccinia virus is
further attenuated (98). Other attenuated live vec-
tors in development include recombinant adenovirus
{64), poliovirus (82), Salmonella (1), and Calmette-
Guerin bacillus (253). Again, safety for immuno-
compromised recipients is a concern when inoculat-
ing with live vectors. Other vaccine strategies
proposed have been the use of a killed HIV-1 virus
(178), a nonpathogenic, genetically altered HIV vari-
ant (75, 87), or an anti-idiotype vaccine to mimic
CD4 receptors to “neutralize” the virus (70).

Problems with the experimental vaccines to date
include the requirement for multiple injections over
several months, the short duration of immunity pro-
vided by the vaccine, and the lack of protection
when animals are challenged by IV or genital infec-
tion with high doses of virus (98). Also, immunity
has not been demonstrated against the wide variety

of HIV strains found in nature, nor has the necessary
induction of CD8" cytotoxic lymphocyte activity
been demonstrated.

Postinfection Vaccination

Although vaccines to prevent infection may not be
currently attainable, vaccines are being developed
that may prevent or delay the onset of the disease
AIDS (233). This “postinfection” or “therapeutic”
strategy relies on the immunization of asymptom-
atic HIV-infected individuals to boost their protec-
tive response, reduce the viral burden, and prevent
the clinical progression to AIDS. Therapeutic irials
with HIV gpl60 vaccine and killed HIV (the Salk
vaccine) are under way in humans.

Despite the failure to date to develop an effective,
practical vaccine for humans, the commitment of the
federal government, private industry, and academia
is encouraging for the future. There is no doubt that
when such a vaccine is approved, OSHA will require
its widespread use in the health care and laboratory
settings as an integral component of an exposure
control program.

Postexposure Evaluation Program

The implementation of a laboratory exposure con-
trol program that includes universal precautions
and the recommendations from the CDC and. the
NIH may reduce the incidence of occupational ex-
posure to HIV; however, use of prevention strategies
will not entirely eliminate the risk of accidental ex-
posures to HIV and subsequent occupational infec-
tion. OSHA estimates that full compliance with the
blood-borne pathogen standard would reduce the
risk of mucous membrane and skin exposure by 90%
and the risk of parenteral exposure by 50% (261).
Therefore, a postexposure evaluation program is a
necessary and mandated component of a laboratory
safety program.

Laboratories handling blood, other potentially in-
fectious materials, or concentrated HIV viral mate-
rial must adhere to the OSHA postexposure protocol
that requires confidential medical evaluation, fol-
low-up, and documentation of an exposure incident.
OSHA defines an “exposure incident” as a “specific
eye, mouth, other mucous membrane, non-intact
skin, or parenteral contact with blood or other po-
tentially infectious materials that results from the
performance of an employee’s duties” (262). The
NCCLS and the CDC have also published guide-
lines for HIV-exposure evaluation that can serve to
augment and complement the OSHA standard (42,
43, 196). The recommendations from these three or-
ganizations are summarized in Table 8.
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All three organizations suggest that the exposure
source material be evaluated for evidence of HIV-1
virus that might include HIV antibody testing or
nontraditional tests such as HIV antigen or HIV
DNA in peripheral blood mononuclear cells using
the polymerase chain reaction. Because HIV anti-
gens and viral DNA may be present in serum before
antibodies are detectable, the nontraditional tests
may be valuable when testing a source individual
who tests HIV antibody negative but who is a mem-
ber of a high-risk group for HIV infection. The
NCCLS also suggests that seronegative sources who
are members of high-risk groups be retested at 3 to
6 months if possible (196). The CIDXC recommends an
optional baseline test of the exposed employee and a
follow-up test at 12 weeks if the seronegative source
is in a high-risk group (42).

The three organizations also require counseling of
the exposed employees regarding. the source sero-
status, the associated risk of HIV-1 transmission, any
applicable legal consequences, and the need for
medical evaluation of any acute febrile illness the
employee may experience postexposure. Such an
illness, characterized by fever, rash, or lymph-
adenopathy, developing within 12 weeks of exposure
has been reported in documented occupationally ac-
quired HIV infections (175} and may indicate an
acute HIV infection. During the first 6 to 12 weeks
after the exposure, when infected employees may

not have yet seroconverted, exposed workers

should also be informed to follow public health ser-
vice recommendations for preventing transmission
of HIV {44). These recommmendations include re-
fraining from blood donations, abstaining from sex
or use of safe sex measures, and no sharing of per-
sonal items such as razors or toothbrushes.
Although OSHA requires serologic testing of em-
ployees (with consent) after any occupational expo-
sure incident, the CDC and the NCCLS recommend
voluntary baseline testing only after exposures to an
HIV-positive source or a source who refuses testing.
The CDC and the NCCLS both recommend sequen-
tiai serologic HIV testing of the exposed employee if
the initial baseline serum is negative. The CDC rec-
ommends retesting periodically for a minimum of
6 months postexposure {e.g., 6 weeks, 12 weeks, and
6 months). Delayed seroconversion among health
care workers has not been documented, so routine
testing beyond 6 months is probably not indicated
(102). The NCCLS, however, recommends addi-
tional testing at 9, 12, and 24 months because of the
possibility of late seroconversion. The extension of
postexposure serologic testing should also be con-
sidered if the employee has been given prophylactic
AZT, because the drug has been shown to alter the

course of HIV infection in animals (184), resulting in
later detection of the virus than in animals not given
AZT. Certainly, the employee should be tested if any
signs or symptoms of HIV infection should occur
after the routine testing period is over.

In addition to traditional HIV antibody testing,
Henderson et al. (123) used antigen capture assays
and polymerase chain reaction evaluations for em-
ployees with known exposure to HIV at the NIH.
These tests failed to provide an earlier diagnosis of
occupationally transmitted infection than could be
detected by the traditional HIV antibody test. How-
ever, such nontraditional testing might be useful for
evaluation of an exposed employee experiencing an
acute illness before antibody conversion.

Both the CDC and the NCCLS recommend serc-
logic testing be made available to employees who
think they have been cccupationally exposed te
HIV-1. This might occur after an exposure to a
source that cannot be identified or tested. No organi-
zation recommends routine serologic testing of clin-
ical health care workers for HIV-1; however, the
CDC/NIH Biosafety Guidelines call for “medical
surveillance programs” in “all laboratories that test
specimens, do research, or produce reagents involv-
ing HIV” (45).

The CDC and the NIH recommend that baseline
serum samples for ail HIV-1 research laboratory per-
sonnel be collected and stored, according to BSL 3
practices (45). Also, the expert team convened by the
director of the NIH in 1988 to review safety practices
in laboratories producing highly concentrated HIV
recommended a medical surveillance serology pro-
gram for these facilities (46). They recommended
that serum samples be obtained at least once a year
from the laboratory workers and analyzed for
seroconversion. Results should be reported to indi-
vidual workers in a timely and confidential manner,
with counseling services available for any cccupa-
tionally infected workers.

Postexposure Treatment

Azidothymidine

Because there is no approved effective vaccine for
HIV-1, prophylactic use of AZT (azidothymidine or
zidovudine) has been suggested and implemented
in several medical centers in an attempt to prevent
infection with the HIV virus (124). Fischi et al. (86)
provided the first evidence of the efficacy of AZT in
prolonging the life of HIV-1-infected patients. The
basis for the efficacy of AZT is its inhibition of the
viral RT activity that is necessary for viral replica-
tion. If AZT is to be used prophylactically, it is essen-




tial that it be given as soon as possible after expo-
. sure.

Attempts have been made to assess the efficacy of
AZT prophylaxis after retroviral exposure in ani-
mals (184, 230, 241, 257) and humans (55) with
mixed results. Animal studies have demonstrated
prevention or alteration in the course of infection.
AZT given between 1 and 4 h after inoculation of
animal retroviruses seems to provide protection in
mice and cats (230, 257). Howevet, a study of ma-
caque monkeys failed to demonstrate prevention of
infection with SIV in two of three monkeys treated
with AZT within 1 h of viral inoculation {181).

Recently, the SCID-hu mouse model has been
used to evaluate AZT prophylactic activity on
human hematolymphoid systems exposed to HIV
(184, 241). McCune et al. (184) demonstrated that,
even when AZT coverage is started 24 h before inoc-
ulation of HIV, some cells in the human thymus of
SCID-hu mice show signs of infection at 2 weeks
postinjection with HIV. The same research group
(241) found that AZT suppressed HIV infection in a
time-dependent manner (<2 h) after HIV inocula-
tion of SCID-hu mice. The relevance of these animal
studies to HIV infection is unknown.

Insufficient data exist to assess the efficacy of pro-
phylactic AZT in humans after occupational expo-
sure. Because of the small risk of occupational HIV
transmission after exposure, it is estimated that a
minimum of 3,000 enrollees in a double-blind,
placebo-controlled trial would be needed to demon-
strate significance of AZT prophylactic efficacy at a
5% level (121). Two attempts at such a study have
been initiated. One study was sponsored by Bur-
roughs-Wellcome in which a 6-week course of AZT
(200 mg every 4 h) was administered to 49 clinically
exposed health care workers (45 received placebo)
{55). None was infected in either group. Because of
the difficulty encountered in subject accrual, the
study was discontinued in 1989 with no conclusive
information. Likewise, the National Institute of Al-
lergy and Infectious Diseases sponsored an open
study for AZT prophylaxis after massive exposure
to HIV-infected material (55) such as HIV-contami-
nated blood transfusion or exposure to high concen-
trations of HIV, Of three persons enrolled in this
study and reported, two remained seronegative 3
and 11 months after exposure and AZT prophylaxis.
This study was also discontinued in February 1991
with no conclusive information.

In 1991, investigators at the Clinical Center of the
NIH and San Francisco General Hospital, with sup-
port from Burroughs-Wellcome, initiated a multi-
center study of AZT toxicity that involves 14
hospitals. It is hoped that this large study will pro-

vide much-needed data regarding the toxicity and,
perhaps, efficacy of prophylactic AZT (102).

The CDC has not made a recommendation for or
against the use of AZT for prophylaxis because of
the lack of relevant data. However, in 1988, the CDC
expanded its ongoing prospective, voluntary sur-
veillance of workers with occupational exposure to
HIV to include information on postexposure chemo-
prophylaxis. Between October 1988 and June 1992,
444 workers reported percutaneous injuries and
were followed for toxicity and efficacy of AZT pro-
phylaxis. No seroconversions occurred in the work-
ers who were not given AZT, but 1 seroconversion
occurred among the 143 workers who were given
AZT prophylactically, even though AZT was taken
within 2 h after a needlestick (260).

Other reports of AZT prophylaxis failure ‘have
been reported in seven health care workers after
percutaneous exposure to HiV-infected blood (5,
168, 169, 256, 260). Anecdotal reports of AZT failure
have also been reported after blood transfusion from
an HiV-infected donor (55), an accidental IV injec-
ton of 100 to 200 pl of HIV-contaminated blood
(157), and self-inoculation of HIV-contaminated
blood (78).

Decisions regarding AZT prophylaxis should be
made on an individual basis in accordance with a
defined institutional policy. Considerations for AZT
administration should include

.« The unknown efficacy of propﬁylactic AZT

» The possible side effects and toxicity
¢ The unknown teratogenicity and mutagenicity
¢ The unknown optimal dose and duration of dose

o The unknown “grace period” during which AZT
should be given

Employees must be counseled regarding these is-
sues and the diversify of opinions among physicians
regarding this experimental use of AZT. Informed
consent of the employee should be obtained and
biood counts and chemistries monitored every
> weeks. The CDC and the NCCLS also recommend
an extended period of follow-up serologies ifAZTis
given, because the animal studies suggest an altet-
ation in the infection process, AZT should be used
only as an experimental option for informed em-
ployees when resources and expertise to monitor
therapy are available (102).

Passive Immunotherapy

Another approach to postexposure treatment for
prevention of HIV-1 infection is that of passive im-
munity with high concentrations of HIV-1 antibody,
similar to the hepatitis B immunoglobulin strategy,
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for immediate temporary protection. Prince et al.
(213) found that anti-HIV-1 globulin extracted from
HIV-infected persons failed to provide protection in
chimpanzees when challenged with a large dose of
HIV {400 TCIDsy). Alater study demonstrated that a
single high dose of anti-HIV-1 globulin or high titers
of soluble CD4-IgG given before inoculation of a
smaller challenge of HIV-1 (120 TCIDx) protected
chimpanzees from infection (266). Likewise, passive
immunization with high antibody titers from im-
mune macaques prevented infection of five of seven
cynomolgous monkeys with HIV-2 and SIV (217).
Further studies on postexposure prophylaxis are in
progress and may provide additional strategies for
prevention of HIV infection in infants born to H1V-
infected mothers or in employees after occupational
exposures.

References

1. Aggarwai, A, J. Sadoff, P Markham, R. Galle, and
G. Franchini. 1991. Induction of cytotoxic T lympho-
cytes against HIV-2 in mice immunized with recom-
binant Salmonella typhimurium, abstr. MA1036. 7th
Int. Conf. AIDS/II STD World Congr., Florence,
Italy.

2. Agy, M. B, L. R. Frumkin, L. Corey, R. W. Coombs,
S. W. Wolinsky, J. Koehles, W. R, Morton, and
M. G. Katze, 1992. Infection of Macrcs nemestring by
human immunodeficiency virus type 1. Science 257
103-106.

3. Anderson, R. E, L. Stein, M. L. Moss, and N. H.
Gross. 1952. Potential infectious hazards of bactetio-
logical techniques. . Bacteriol 64:473-481.

4. Anonymous. 1984. Needlestick transmission of
HTILV-II from a patient infected in Africa. Lancet
11113761377, .

5. Anonymous, 1993. HIV seroconversion after occu-
pational exposure despite early prophylactic zidovu-
dine therapy. Lancet 341:1077-1078.

6. Aoun, H. 1989, When a house officer gets AIDS. N.
Engl. . Med. 321:693~696.

7. Arnow, P. M., M. Smaron, and V. Ormiste. 1984,
Brucellosis in a group of travelers to Spain. JAMA
251:505-507.

8. Barbara, J. A. J., and M. Contreras. 1990. Infectious
complications of blood transfusion: viruses. Br. Med.
J. 300:450-453.

9. Barker, T. 1987. Physician sues Johns Hopkins after
contracting AIDS. Am. Med. Assoc. News. 19:8.

10. Batnes, D. M. 1988. Research news: AIDS virus cre-
ates lab risk. Seience 239:348-349.
11. Barnes, D. M. 1988. Obstacles to an AIDS vaccine.
Science 240:719-721.
12. Batre-Sinoussi, F, J. C. Chermann, F, Rey, M. T.
- Nugeyre, S. Chamaret, J. Gruest, C. Dauguet,
C. Axler-Blin, F. Vezinet-Brun, C. Rouzioux,
W. Rozenbaum, and L. Montagnier. 1983. Isolation
of a T-lymphotrophic retrovirus from a patient at risk
for acquired immune deficiency syndrome (AIDS).
Science 220:868-871.

13. Barre-Sinoussi, F, M. T. Nugeyre, and J. C. Cher-
mann. 1985. Resistance of AIDS virus at room tem-
perature, Lancet il:721-722.

14. Belani, A., D. Dutta, S. Rosen, R. Dunning, V. Jiji,
M. L. Levin, D. Glasser, $. Sigelman, and S. Baker.,
1984, AIDS in a hospital worker. Lanicet 1:676. {Letter.)

15. Bending, M. R, and P. D. L. Maurice. 1980. Malaria:
a laboratory risk. Postgrad. Med. J. 56:344~345.

16. Blattner, W. A. 1989, Retroviruses. p. 545-592. In
A.S. Evans (ed.), Viral infections of humans: epidermiol-
ogy and control, 3rd ed. Plenum Press, New York.

17. Blayney, D. W., W. A, Blatiner, M. Robert-Guroff,
E. 8. Jaffe, R. L Fisher, P. A, Bunn, Jr., M. G, Patton,
R. C. Gallo, and H. R. Rarick, 1983. The human
T-cell leukemia-lymphoma virus in the southeastern
United States. JAMA 250:1048-1052.

18. Boland, M., ]. Keresztes, P. Evans, J. Oleske, and
E. Connor. 1986. HIV seroprevalence among nurses
caring for children with AIDS/ARC, abstr. THP.212.
3rd Int, Conf. AIDS, Washington, D.C.

19. Bolognesi, D. P 1991. AIDS vaccines: progress and
unmet challenges, Ann. Intern. Med. 114:161-162.

20. Borsch, G., J. Odendahl, G. Sabin, and D. Ricken.
1982. Malaria transmission from patient to nurse.
Lancet ii:1212.

21. Braathen, L. R., G. Ramirez, R. O, E Kunze, and
H. Gelderblom. 1987. Langerhans cells as primary
target cells for HIV infection. Lancet 1:1094.

29, Brener, Z. 1987. Laboratory-acquired Chagas’ dis-
ease: comment. Trans, R. Soc. Trop. Med. Hyg. 81:527.

23. Broderson, J. R. 1987. Biosafety in acquired im-
munodeficiency syndrome (AIDS) studies using
nonhuman primates. . Med, Primatol. 16:131-138,

24. Bruce-Chwatt, L J. 1972, Blood transfusion and trop-
ical disease. Trop. Dis. Bull. 69:825-862.

25. Bureau of Labor Statistics. 1988. Employment and
earnings. LL.S, Department of Labor, Bureau of Labor Sta-
tistics, Washington, D.C.

26. Burney, M. 1, A. Ghafoor, M. Saleen, P. A. Webb,
and J. Casals. 1980. Nosccomial cutbreak of viral
hemorrhagic fever caused by Crimean hemorrhagic
fever-Congo virus in Pakistan, January, 1976. Am. [.
Trop. Med. Hyg. 29:941-947.

27. Bygbjerg J. C. 1984. AIDS in a Danish surgeon
(Zaire, 1976). Lancet i:676. (Letter.)

28 Cadman, E. C. 1990, Physicians in training and
AIDS. N. Engl. ]. Med. 322:1392-1393.

29. Cannon, N. J., S. P, Walker, and W. E. Dismukes.
1972, Malaria acquired by accidental needle punc-
ture. JAMA 222:1425.

30. Centers for Disease Control. 1980. Chagas’ dis-
ease—Michigan. Morbid. Mortal. Weekly Rep. 29:147—
148.

31. Centers for Disease Control. 1981. Pneumocystis
preumonia—Los Angeles. Morbid. Mortal. Weekiy
Rep. 30:250-252.

32. Centers for Disease Control. 1981. Kaposi’s sarcoma
and pneumocystis pneumonia among homosexual
men—New York and California. Morbid. Morial
Weekly Rep. 30:305-308.

33. Centers for Disease Control. 1982, Acquired im-
mune deficiency syndrome: precautions for clinical
and laboratory staff. Morbid, Mortal. Weekly Rep.
31:577-580.




58

34,

35,

36

37.

38.

39.

40.

41.

42,

45.

46.

47.

48.

i HUNT

Centers for Disease Control. 1983. ALD.5.: precau-
tions for health-care workers and allied profession-
als. Morbid. Mortal, Weekly Rep. 32:450-451.

Centers for Disease Control, 1984. Hepatitis B vac-
cine: evidence confirming lack of AIDS transmission.
Morbid. Morial. Weekly Rep. 33:685-687.

Centers for Disease Control. 1985, Recommenda-
tions for protection against viral hepatitis. Morbid.

- Mortal. Weekly Rep. 34:313-335,

Centers for Disease Controt, 1985. Update; evalua-
tion of human T-lymphotropic virus type Il/lymph-
adenopathy-associated virus infection in health care
personnel—United States. Morbid. Mortal. Weekly
Rep. 34:575-578.

Centers for Disease Control. 1985. Summary: rec-
ommendations for preventing transmission of infec-
tion with human T-lymphotropic virus III/LAV in
the workplace. Morbid. Morial, Weekly Rep. 34:681-
695. .

Centers for Disease Control. 1986, Apparent trans-
mission of human T-lymphotropic virus type
I/ lymphadenopathy-associated virus from a child
to a mother providing health care. Morbid, Mortal.
Weekly Rep. 35:75-79.

Centers for Disease Control, 1986. Safety of thera-
peutic immune globulin preparations with respect to
transmission of human T-lymphotrepic virus type
Il/lymphadenopathy-associated  virus infection.
Morbid. Mortal, Weekly Rep, 35:231-233,

Centers for Disease Control. 1986. HTLV III/LAV:
agent summary statement. Morbid, Mortal, Weekly
Rep. 35:540-549.

Centers for Disease Control. 1987. Recommenda-
tions for prevention of HIV transmission in health
care setfings. Morbid. Mortal. Weekly Rep. 36(Suppl.
2):35-188.

Centers for Disease Control 1987. Update: human
immunodeficiency virus infections in health care
workers exposed to blood of infected patients. Mor-
bid. Mortal. Weekly Rep. 36:285-289.

. Centers for Disease Control. 1987, Public health ser-

vice guidelines for counseling and antibody testing
to prevent HIV infection and AIDS. Morbid. Mortal,
Weekly Rep. 36:509-515.

Centers for Disease Control. 1988, Agent summary
statement for human immunodeficiency viruses
(HIVs); including HTLV-TII, LAV, HIV-1, and HIV-2,
and report on laboratory-acquired infection with
human immunodeficiency virus. Morbid. Mortal,
Weekly Rep. 37(Suppl. 41:1-17.

Centers for Disease Control. 1988, Occupationally
acquired human immunodeficiency virus infections
in laboratories producing virus concentrates in large
quantities: conclusions and recommendations of an
expert team convened by the director of the National
Institutes of Fealth (NIH). Morbid. Mortal. Weekly
Rep. 37(Suppl. 4):19-22.

Centers for Disease Control. 1988, Update: acquired
immunodeficiency syndrome and human im-
munodeficiency virus infection among health care
workers. Morbid. Mortal, Weekly Rep. 37:229~235,
Centers for Disease Control. 1988. Update: univer-
sal precautions for prevention of transmission of
human immunodeficiency virus, hepatitis B virus,
and other bloodborne pathogens in health-care set-
tings. Morbid. Mortal. Weekly Rep. 37:377-387.

49,

50.

51.

52.

53.

54.

55,

56.

57.

58.

59,

60.

61.

62,

63.

64,

65.

Centers for Disease Control. 1988, Safety of thera-
peutic products used for hemophilia patients. Mor-
bid. Mortal. Weekly Rep. 37:441—450.

Centers for Disease Control, 1988. Guidelines to
prevent simian immunodeficiency virus infection in
laboratory workers and animal handlers. Morbid.
Mortal. Weekly Rep, 37:696-703.

Centers for Disease Control. 1989. Guidelines for
prevention of transmission of human immunodefici-
ency virus and hepatitis B virus to health-care and
public-safety workers. Morbid. Mortal. Weekly Rep.
38(Suppl. 6):3-31,

Centers for Disease Control. 1989. Problems created
by heat-inactivation of serum specimens before HIV-
1 antibody testing. Morbid. Mortal. Weekly Rep. 38:
407-413.

Centers for Disease Control. 1989. Update: HIV-2
infection—United States. Morbid. Mortal. Weekly Rep.
38:572-580,

Centers for Disease Conmtrol. 1990. Human T-
lymphotropic virus type 1 screening in volunteer
blood donors—United States, 1989. Morbid. Mortal.
Weekly Rep. 39:915-924.

Centers for Disease Control. 1990, Pubiic health ser-
vice statement on management of occupational ex-
posure to human immunodeficiency virus, including
considerations regarding zidovudine postexposure
use. Morbid. Mortal. Weekly Rep. 39(RR-1):1-14,
Centers for Disease Control. 1991. Mortality attrib-
utable to HIV infection/ ATDS—United States, 1981~
1990, Morbid, Mortal, Weekly Rep. 40:41—44.

Centets for Disease Control. 1991. The HIV/AIDS
epidemic: the first ten years, Morbid. Mortal, Weekly
Rep, 40:357-369,

Centers for Disease Control. 1991. Vaccinia (small-
pox) vaccine: recommendations of the immunization
practices advisory committee (ACIP). Morbid. Mortal,
Weekly Rep. 40(RR-14):1-10.

Centers for Disease Control. 1992. Seroconversion
to simian immunodeficiency virus in two laboratory
workers. Morbid. Mortal. Weekly Rep, 41:678-681.
Centers for Disease Control and Prevention. 1993,
Update: mortality atributable to HIV infection
among persons aged 25-44 years—United States,
1991 and 1992. Morbid. Mortal. Weekly Rep. 42:869—
872.

Centers for Disease Control and Prevention. 1993,
AIDS statistical information, quarterly HIV/AIDS sur-
weillance report. Centexs for Disease Control, Atlanta.
Chakrabarti, S,, M. Robert-Guroff, F. Wong-Staa],
and R. C. Galle. 1986. Expression of the HTLV-II
envelope gene by a recombinant vaccinia virus, Na-
ture 320:535-537.

Chamberland, M., L. Conley, A. Lifson, C. White,
K. Castro, and T. Dondero. 1988. AIDS in health care
workers: a surveillance report, abstr. 9020, 4th Int.
Conf. AIDS, Stockholm, Sweden.

Chanda, P. K, R. J. Natuk, B. B. Mason, B. M. Bhat,
L. Greenberg, 8. K, Dheer, K. L, Molnar-Kimber,
5. Mizutani, M. D. Lubeck, and A. R. Davis. 1990,
High-level expression of the envelope glycoprotein
of the human immunodeficiency virus type 1in pres-
ence of rev gene using helper-independent adenovi-
rus type 7 recombinants. Virology 175:535-574.
Chorba, T. L., J. M. Jason, R. B. Ramsey, K. Lechner,
L Pabinger-Fasching, V. 5. Kalyanaraman, J. S




66.

67.

68.

69.

70,

71.

72,

73.

74,

75.

76.

77.

78.

79.

4. HIV-1 AND OTHER BLOOD-BORNE PATHOGENS | 59

McDougal, C. D. Cabradilla, L. C. Tregillus, and
D. N. Lawrence. 1985, HTLV-L antibody status in he-
mophilia patients treated with factor concentrates
prepared from US plasma sources, and in hemo-
philia patients with AIDS. Thromb. Hagrost. 53:180~
182,

Clements, M. L. 1990, AIDS vaccines, p. 1112-1119.
In G. L. Mandell, R. G. Douglas, and J. E. Bennett
(ed.), Principles and practice of infectious diseases, 3rd
ed. Churchill Livingstone, New York.

Coffin, ., A, Haase, J. Levy, L. Montagnier, §. Or
oszian, W. Teich, H. Temin, K, Tayoshima, H. Var-
mus, P Vogt, and R. Weiss. 1986. Human
immunodeficiency virus. Scignce 232:697. (Letter.)
Cohen, B. ], A. M. Courouce, T. E Schwarz,
K. Okochi, and G. J. Kurtzman. 1988. Laboratory
infection with parvovirus B19. [. Clin. Pathol.
41:1027-1028. (Letter) )
Cumming, P. D, E. L. Wallace,]. B. Schorr, and R. Y.
Dodd. 1989. Exposure of patients to human jm-
munodeficiency virus through the transfusion of
blood components that test antibody-negative. N.
Engl. J. Med. 321:941-946. )

Dalgleish, A. G, B. ]. “Thomson, J. C. Chanh,
M., Malkovsky, and R. Kennedy. 1987. Neutralisa-
tion of HIV jsolates by anti-idiotypic antibodies
which mimic the T4 {CD4) epitope: a potential AIDS
vaccine. Lancet 1i:1047-1050.

Daniel, M. D, N. L. Letvin, N. W. King
M. Kannagi, P. K. Sehgal, R. D. Hunt, P. J. Kanki,
M. Essex, and R. C, Desrosiers. 1986. Isolation of
T-cell tropic HTLV-II-like retrovirus from macaques.
Science 228:1201-1204.

Davis, A. R., B. Kostek, B. B. Mason, C. L. Hsiao,
1. Morin, S. K. Dheer, and P. P. Hung, 1985. Expres-
sion of hepatitis B surface antigen with a recombi-
nant adenovirus. Proc. Natl, Acad. Sci. USA 8
7560~7564.

Day, L. J. 1989. AIDS: an occupational hazard for
orthopaedic surgeons? Orthop. Rev. 18:493-497.
Denis, F, G. Leonard, M. Mounier, A. Sangare,
G. Gershy-Damet, and ). L. Rey. 1987. Efficacy of
five enzyme immunoassays for antibody to HIV in
detecting antibody to HILV-IV. Lancef 1:324-825.
Desrosiers, R. C. 1992, HIV with multiple gene dele-
tons as a live attenuated vaccine for AIDS. AIDS Res.
Hum. Retroviruses B:411-421.

Donegan, E., M. Stuart, ]. C. Niland, H. S. Sacks,
S. P, Azen, S. L. Dietrich, C. Faucett, M. A. Fletcher,
S. H. Kleinman, E. A, Operskalski, H. A. Perkins,
J. Pindyck, E. R. Schiff, D. I\ Stiles, P. A, Tomasulo,
J. W. Mosley, and the Transfusion Safety Group.
1990. Infection with human immunodeficiency virus
type 1 (HIV1) among recipients of antibody-positive
donations. Ann. Intern. Med. 113:733-739. :
Dufoort, G., A-M. Courouce, R, Ancelle-Park, and
O. Bletry. 1988. No clinical signs 14 years after HIV-2
transmission after blood transfusion. Lancet ii:510.
(Letter.)

Durand, E,, C. Le Jeunne, and F-C, Hughes. 1991,
Failure of prophylactic zidovudine after suicidal self-
inoculation of HiV-infected blood. N. Engl. J. Med.
324:1062. {Letter.)

Ebbesen, P, M. Melbye, E Scheutz, A. J. Bodner,
and R. J. Biggar. 1986. Lack of antibodies to HILV-
IT/LAV in Danish dentists. JAMA 256:2199, (Letter.)

80,

81.

82,

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Elmslie, K., and J. V. O’Shaughnessy. 1987. National
surveillance program on occupational exposure to
HIV among health care workers in Canada. Can. Dis.
Week. Rep. 13:163-166.

Emond, R. T. D., B. Evans, E. T. W. Bowen, and
G. Lloyd. 1977. A case of Ebola virus infection, Br.
Med. . 2:541-544.

Evans, D. J., ]. McKeating, J. M. Meredith, and K. L
Burke. 1989. An engineered poliovirus chimaera
elicits broadly reactive HIV-1 neutralizing antibod-
ies. Nature 339:385-388.

Federal Register. 1975. EPA virucide disinfectant effi-
cacy lesting. Fed. Regist. 40:11625 (June 25, 1975).
Felsenfeld, O. 1971, Borreli: strains, vectors, human
and animal borreliosis, Warren H. Green, Inc,, St
Louis.

Field, F. R, G. G. Moyle, and P. M. Pamell, 1972.
The accidental infection of a laboratory worker with
Toxoplasma gondii. Med. |. Aust. 2:196-198.

Fischl, M. A., D. D. Richman, M. H. Greico, M. 5.
Gottleib, P. A. Volberding, O. L. Laskin, J. M. Lee-
dom, J. E. Groopman, D. Mildvan, R. T. Schoocley,
G. G. Jackson, D. T. Durack, D. King, and the AZT
Collaborative Working Group. 1987, The efficacy of
azidothymidine (AZT} in the treatment of patients
with AIDS and ATDS-related complex: a double-
blind, placebo-controiled trial. N. Engl. ] Med.
317:185-191.

Fisher, A, G., L. Ratner, H. Mitsuya, L. M. Marselle,
M. E. Harper, S. Broder, R. C. Galio, and F, Wong-
Staal. 1986. Infectious mutants of HTLV-IIL with
changes in the 3’ region and markedly reduced cyto-
pathic effects. Science 233:655-659. '
Flynn, N. M,, §. M. Pollet, J. R. Van Horne,
R. Flvebakk, S. D, Harper, and J. R. Carlson. 1987,
Absence of HIV antibody among dental profession-
als exposed to infected patients. West. . Med.
146:439-442,

Frame, J. D., J. M. Baldwin, Jr, D, J. Gocke, and
J. M. Troup. 1970. Lassa fever, a new virus disease of
man from West Africa: I Clinical description and
pathological findings. Am. J. Trop. Med. Hyg. 19:670~
676~

Francavilla, E., P. Cadrobbi, P. Scaggiante, G. Di-
Silvestro, F. Bortolotti, and A. Bertaggia. 1989, Sur-
veillance on occupational exposure to HIV among
health care workers in Italy, abstr. D623. Vth Int.
Conf. AIDS, Montreal, Quebec, Canada.

Francis, D. P, P. M. Feorino, J. R. Broderson, H. M.
McClure, J. P. Getchell, C. R. McGrath, B. Swenson,
]. 5. McDougal, E. L. Palmer, A, K. Harrison,
F, Barre-Sinoussi, J. C. Chermann, L. Montagnier,
J. W. Curran, C. D. Cabradilla, and V. S, Kalyanara-
man. 1984. Infection of chimpanzees with lymph-
adenopathy-associated virus. Lancet ii:1276-1277.
Freedman, D. O., J. D. MacLean, and J. B. Viloria.
1987. A case of laboratery acquired Leishmania
donovani infection: evidence for primary lymphatic
dissemination. Trans. R. Soc. Trop. Med. Hyg. 81:118-
119.

Fujikawa, L. 5., 5. Z. Salahuddin, A. G. Palestine,
H. Masur, R. B. Nussenbatt, and R. C. Gallo. 1985.
Isolation of human T-lymphotropic virus type Il
from the tears of a patient with acquired immune
deficiency syndrome. Lancet 1i:529-530.




60

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105,

106.

[ HUNT

Fultz, P, N, H. M. McClure, D. C. Anderson, R. B.
Swenson, R. Anand, and A, Srinivasan. 1986. Isola-
tion of a T-lymphotropic retrovirus from naturally
infected sooty mangabey monkeys (Cercocebus atys).
Proc. Natl. Acad. Sci. USA 83:5286-5290.

Fultz, P. N., H. M. McClure, R. B. Swenson, C. R,
McGrath, A. Brodie, J. P. Getchell, E C. Jensen,
D. C. Anderson, J. R. Broderson, and D. P. Francis.
1986. Persistent infection of chimpanzees with
human T-lymphotropic virus type MHI/lymph-
adenopathy-associated viruses: a potential model for
acquired immunodeficiency syndrome. [ Virol.
58:116-124.,

Gallo, R. C,, 8. Z. Salahuddin, M. Popovic, G. M.
Shearer, M. Kaplan, B. E Haynes, T. J. Palker,
R. Redfield, J. Oleske, and B. Safai. 1984. Frequent
detection and isolation of cytopathic retroviruses
{(HTLV-1II) from patients with AIDS and at risk for
AIDS, Scierce 224:300-503.

Garcia, 1. J. G, E Arnalich, J. M. Pena, J. J. Garcia-
Alegria, E. F. Garcia Fernandez, C. Jimenez Herraez,
and J. J. Vazquez. 1986. An outbreak of Plasmodium
vivax malaria among heroin users in Spain. Trans. R.
Sec. Trop. Med. Hyg. 80:549-552.

Gardner, M. B. 1993. Acquired immunodeficiency
syndrome vaccines, West. J. Med. 158:296-297.
Gerberding, J. L. 1989, Risks to health care workers
from occupational exposures to hepatitis B virus,
HIV, and CMV. Infect. Dis. Clin. North Am. 3:735-745.
Gerberding, J. L., C. E. Bryant-LeBlanc, K. Nelson,
A. R. Moss, D. Osman, H. E Chambers, ]. R. Carl-
son, W, L. Drew, J. A. Levy, and M. A, Sande, 1987.
Risk of transmitting the human immunodeficiency
virus, cytomegalovirus, and hepatitis B virus to
health care workers exposed to patients with AIDS
and AIDS-related conditions, ], Infect. Dis. 156:1-8.
Gerberding, J. L., and D. K. Henderson. 1987, De-
sign of national infection conirol policies for human
immunodeficiency virus infections. J. Infect. Dis.
156:861-864.

Gerberding, J. L., and D. K. Henderson. 1992. Man-
agement of occupational exposures to bloodborne
pathogens: hepatitis B virus, hepatitis C virus, and
human immunodeficiency virus. Clin. Infect. Dis.
14:1179-1185.

Gerberding, J. L., C. Littell, A. Tarkington, A.
Browr, and W. P, Schecter. 1990. Risk of exposure of
surgical personnel to patients’ blood during surgery
at San Francisco General Hospital. N. Engl. J. Med.
322:1788-1793.

Gerberding, J. L, K. Nelson, D. Greenspan,
J. Greenspan, J. Greene, and M. A. Sande. 1987.
Risk to dental professionals from occupational expo-
sure to human immunodeficiency virus (HIV): fol-
lowup, abstr. 27th Intersci. Conf. Antimicrobial
Agents Chemother., New York.

Gessain, A, E Barin, J. C. Vemant, O. Gout,
L. Maurs, A. Calender, and G, de The. 1985. Anti-
bodies to human T-lymphotropic virus type-1 in pa-
tients with fropical spastic paralysis. Lancet ii:
407-409. ‘
Gilmore, N., M. L. Ballachey, and M. O’Shaugh-
nessy. 1986. HTLV-III/LAV serologic survey of
health care workers in a Canadian teaching hospital,
abstr. 200. 2nd Int. Conf, AIDS, Paris, France.

107.

108.

109.

110.

111,

112,

113.

114.

115.

116.

7.

118.

119.

120,

121,

122,

123.

Gioananni, P, A. Sinicco, G. Cariti, A. Lucchini,
G. Paggi, and O, Gichino. 1988. HIV infection ac-
quired by a nurse. Eur. J. Epidemiol, 4:119-120,
Goldfarb, M. E 1988. Effect of heat-inactivation on
results of HIV-antibody detection by Western blot
assay. Clin. Chem. 34:1661-1662.

Gotuzzo, E,, C, Carrillo, }J. Guerra, and L. Llosa.
1986, An evaluation of diagnostic methods for bru-
cellosis—the value of bone marrow culture. ], Infect,
Dis, 153:122-125.

Grabowski, E. F, P. J. V. Giardina, D. Goldberg, H.
Masut, S. E. Read, R. L. Hirsch, and J. L. Benach.
1982. Babesiosis transmitted by a transfusion of fro-
zen-thawed blood. Ann. Intern, Med. 96:466-467.
Grint, P, and M, McEvoy. 1985, Two associated cases

of the acquired immune deficiency syndrome (AIDS). -

PHLS Commun. Dis. Rep. 42:4.

Groopman, J. E, 8. Z. Salahuddin, M. G, Sam-
gadharan, P. D. Markham, M. Gnda, A. Sliski, and
R. C. Gallo. 1984. HTLV-III in saliva of people with
AIDS related complex and healthy homosexual men
at risk for AIDS., Science 226:447-449.

Guerrero, 1, B. Weniger, and M. G. Schultz, 1983,
Transfusion malaria in the United States, 1972-1981.
Ann. Intern. Med. 99:221-226.

Gurtler, L. G,, ]. Ebere, and L. Bader. 1993, HIV
transmission by needlestick and eczematous le-
sion—three cases from Germany. Infection 21:40-41.
Haley, C., V. J. Reff, and F. K. Murphy. 1989. Report
of a possible laboratory-acquired HIV infection,
abstr. 5th Int. Conf. AIDS, Montreal,

Hanson, P. J. V,, D. Gor, D. ]. Jeffries, and J. V.
Collins. 1989. Chemical inactivation of HIV on sur-
faces. Br. Med. |. 298:862-864.

Hanson, R. P, 8. E. Sulkin, E. L. Buescher, W. M.
Hammon, R. W. McKinney, and T. H, Work. 1967.
Arbovirus infections 'of laboratory workers. Science
158:1283-1286.

Harbison, M. A., and S, M. Hammer. 1989, Inactiva-
tion of human immunodeficiency virus by betadine
products and chlothexidine. ]. Acquired Immune
Defic, Syndr. 2:16-20.

Harper, S., N. Flynn, J. VanHorne, 8. Jain, J. Cail-
son, and S. Pollet. 1986, Absence of HIV antibody
among dental professionals, surgeons, and house-
hold contacts exposed to persons with HIV infec-
tion,, abstr. THP215. 3rd Int. Conf. AIDS,
Washington, D.C.

Heinsohn, P. A,, . L. Jewett, C. H. Bennet, and A,
Rosen. 1989, Characterization of blood aerosols cre-
ated by some surgical power tools, abstr. 32nd Annu,
Meeting Am. Biol. Safety Assoc.

Henderson, D. K. 1990. HIV-1 in the health care set-
ting, p. 2221-2236. In G. L. Mandell, R. G. Douglas,
and J. E. Benmnett (ed.), Principles and practice of infec-
tious disenses, 3rd ed. Churchill Livingstone, New
York.

Henderson, D. K., B. J. Fahey, J. Saah, J. Schmitt,
and H. C. Lane. 1988. Longitudinal assessment of the
risk for occupational nosocomial transmission of
human immunodeficiency virus-1 in health care
workers, absir. 28th Intersci. Conf, Antimicrobial
Agents Chemother., Los Angeles.

Henderson, D. K., B. J. Fahey, M, Willy, J. M.
Schmitt, K. Carey, D, E. Koziol, H. C. Lane, J. Fedio,
and A. J. Saah. 1990. Risk for occupational iransmis-




124.

125,

126.

127,

128.

129,

130.

131.

132.

133.

134.

135.
136.

137.

4. HIV-1 AND OTHER BLOOD-BORNE PATHOGENS | 61

sion of human immunodeficiency virus type I (HIV-
1) associated with clinical exposures. Aun. Intern.
Med. 113:740-746.

Henderson, D. K., and J. L, Getberding. 1989. Pro-
phylactic zidovudine after occupational exposure to
the human immunodeficiency virus: an interim anal-
ysis. [, Infect, Dis. 160:321-327.

Hernandez, £., J. M. Gatell, T. Puyuelo, D. Mariscal,
J. M. Barrera, and C. Sanchez. 1988, Risk of fransmit-
ting the human immunodefidency virus to health
care workers exposed to HIV infected body fluids,
abstr. 9003, 4th Int. Conf. AIDS, Stockholm, Sweden.
Heymann, D. L., ]. 8. Weisfeld, I A. Webb, K. M.
Johnson, T. Cairns, and H. Berquist. 1980. Ebola
hemorrhagic fever: Tandala, Zaire, 1977-1978. |. In-
fect. Dis, 142:372-376,

Hinuma, Y., H. Komoda, T. Chosa, T. Kondo,
M. Kohakura, T, Takenaka, M. Kikuchi, M. Ichi-
marw, K. Yunoki, I. Sato, R. Matsuo, Y. Takiuchi,
'H. Uchino, and M. Hanaoka. 1982. Antibodies to
adult T-cell leukemia virus-associated antigens
(ATLA) in sera from patients with ATL and controls
in Japan: a nation-wide serepidemiclogic study. Int.
J. Cancer 29:631-635.

Hira, P.R., and S. F. Husein. 1979. Some {ransfusion-
induced parasitic infections in Zambia. ]. Hyg
Epidemiol, Microbiol. Immunol. 4:436-444.

Hirsch, M. S., G. P. Wormser, R. T. Schooley, D. D.
Ho, D. Felsenstein, C. C. Hopkins, C. Joline, E Dun-
canson, M. G. Samgadharan, and C. Saxinger. 1985,
Risk of nosocomial infection with human T-cell
lymphotropic virus I (HTLV-IT). N. Engl. . Med.
312:1-4, .

Ho, D. D., T. Moudgil, and M. Alam. 1989. Quantita-
tion of human immunodeficiency virus type 1 in the
blood of infected persons. N, Engl, |. Med. 321:1621-
1625.

Ho, D. D., T. R. Rota, R, T. Schooley, J. C. Kaplan,
J. D. Allan, . E. Groopman, L. Resnick, D. Felsen-
stein, C. A. Andrews, and M. S. Hirsch. 1985. Isola-
tion of HTLV-III from cerebrospinal fluid and neural
tissue of patients with neurologic syndromes related
to the acquired immune deficiency syndrome. N.
Engl. J. Med. 313:1493-1497.

Hoflin, J. M., R. H, Sadler, F. G. Araujo, W, E. Page,
and J. S. Remington. 1987. Laboratory-acquired
Chagas disease. Trans. R. Soc. Trop. Med. Hyg. 81:437-
440,

Huddlesen, I E, and M. Munger. 1940. A study of
the epidemic of brucellosis due to Brucella melitensis.
Am. |. Public Health 30:944-954,

Hudson, C. (National Institute for Occupational
Safety and Health, Centers for Disease Control and
Prevention}. 1993, Personal communication.
Hughes, A, and T. Corrah. 1990. Human immuno-
deficiency virus type 2 (HIV-2). Blood Rev. 4:158-164.
Ippolito, G., V. Puro, and G. DeCarli. 1993. The risk
of occupational human immunodeficiency virus in-
fection in health care workers, Italian Multicenter
Study. The Italian Study Group on Occupational Risk
of HIV Infection. Arch. Intern. Med. 153(12):1451-
1458,

Jensen J. B., T. C. Capps, and }. M. Carlin. 1981.
Clinical drug-resistant falciparum malaria acquired
from cultured parasites. Am. | Trop. Med. Hys.
30:523-525.

138.

139,

140,

141.

142,

143,

144,

145.

146.

147.

148.

149.

150.

151,

152.
153,

Johnson, G. K., T. Nolan, H. C. Wuh, and W. S.
Robinson. 1991, Efficacy of glove combinations in
reducing cell culture infection after glove puncture
with needles contaminated with human immuno-
deficiency virus type 1. Infect. Control Hosp. Epide-
miol, 12:435-438,

Johnsen, G. K., and W. 5. Robinson, 1991. Human
immumodeficiency virus-1 (HIV-1) in the vapors of
surgical power instruments. J. Med. Virol. 33:47-50.
Johnson, ]. E., III, and P. J. Kadull. 1967. Rocky
Mountain spotted fever acquired in a laboratory. N.
Engl, J. Med. 277:842-847.

Jones, L., S. Ristow, T. Yilma, and B. Moss. 1986.
Accidental human vaccination with vaccinia virus
expressing nucleoprotein gene. Nature 319:543,
(Letter.)

Jorbeck, H., M. Marland, and E. Steinkeller. 1989,
Accidental exposures to HIV-positive blood among
health care workers in 2 Swedish hospitals, abstr.
AB517. 5th Int. Conf. AIDS, Montreal, Quebec, Can-
ada.

Kalyanaraman, V. 8., M. G. Sarngadharan, M. Rob-
ert-Guroff, M. Miyoshi, D. Gelde, and R. C. Galto.
1982. A new subtype of human T-cell leukemia virus
(HTLV-1I) associated with a T-cell variant of hairy
cell leukemia. Science 218:571-573.

Kanki, P, £ Barin, S, M"Boup, F. Denis, J. S. Allan,
T. H. Lee, and M., Essex. 1986. New human T-
lymphotropic retrovirus related to simian T-
lymphotropic virus type II (STLV-Iagm). Science
232:238-243.

Kaplan, ]J. C,, D. C. Crawford, A. G. Durno, and
R. T. Scheoley. 1987. Inactivation of human im-
munodeficiency virus by betadine. Infect. Control 8
412--414.

Kataoka, R., N. Takehara, and Y. Iwahara. 1990.
Transmission of HTLV-1 by blood transfusion and its
prevention by passive immunization in rabbits. Blood
76:1657--1661.

Keeny, M. Y., and F. L. Sabel. 1968. Particle distribu-
tions of Servatia marcescens aerosols created during
common laboratory procedures and simulated labo-
ratory accidents. Appl. Microbiol. 16:1146-1150.
Kempf, C., P. Jentsch, F. Barre-Sinoussi, B. Poirier,
J-J. Morgenthaler, A. Morell, and D. -Germann.
1991. Inactivation of human immunodeficiency virus
(HIV) by low pH and pepsin. J. Acquired Imnune

. Defic. Syndr. 4:328-830.

Kennedy, R. C, R. D. Henkel, D. Pauletti, J. S.
Allan, T. H. Lee, M. Essex, and G. R. Dreesman,
1986. Antiserum to a synthetic peptide recognizes
the HTLV-III envelope glycoprotein. Science 231:
1556-1559,

Kerndt, P, H, Waskin, F. Steurer, et al. 1988. Trypano-
soma cruzi antibody among blood donors in Los An-
geles, abstr. 28th Intersci. Conf. Antimicrobial Agents
Chemother.,, Los Angeles.

Klein, M., and A. Deforest. 1983. Principles of viral
inactivation, p. 422-434. In S. 8. Block (ed.), Disinfec-
tion, sterilization, and preservation, 3rd ed. Lea & Pebi-
get, Philadelphia,

Klein, R. C., E. Party, and E. L. Gershey. 1989. Safety
in the laboratory. Ngture 341:288. (Letter.)

Klein, R. S., J. A. Phelan, K. Freeman, C. Schable,
G. H. Friedland, N. Rieger, and N. H, Steigbigel.
1988. Low occupational risk of human immuno-




62

154,

| FUNT

deficiency virus infection among dental profession-
als. N. Engl. J. Med. 318:86-90.

Kuhls, T. L., 8. Viker, N. B. Parris, A, Garakian, J.
Sullivan-Bolyai, and J. Cherry. 1987. Occupational

. risk of HIV, HBV, and HSV-2 infections in health care

155.

156,

157.

158.

159,

160.

161.

162.

163.

164.

165.

166.

167.

168.

personnel caring for AIDS patients. Am. | Public
Health 77:1306-1309.

Kulaga, H., T. Folks, R. Rutledge, M. E. Trucken-
miller, E. Gugel, and T. ]. Kindt. 1989, Infection of
rabbits with human immunodeficiency virus 1. J.
Exp. Med. 169:321-326,

Lai, L., G. Ball, J. Stevens, and D. Shanson. 1985.
Effect of heat treatment of plasma and serum on
biochemical indices. Lancet 1i:1457-1458.

Lange, J. M., C. A. Boucher, C, E. Hollack, E. H.
Wiltink, P. Reiss, B, A. VanRoyen, M. Roos, S. A.
Danner, and J. Goudsmit. 1990. Failure of zidovud-
ine prophylaxis after accidental exposure to HIV-1,
N. Engl. |. Med. 322: 13751377,

Lee, H., P. Swanson, V. S. Shorty, J. A. Zack, J. D,
Rosenblait, and L. 8. Che, 1989, High rate of HTLV-II
infection in seropositive IV drug abusers from New
Orleans. Science 244:471-475.

Lee, H., S. Weiss, L. Brown, D. Mildvan, V. Shorty,
L. Saravolatz, A. Chu, H. M. Ginzburg, N. Marko-
witz, and D. C. DesJarlais, 1990. Patterns of HIV-1
and HTLV-I/1I in intravenous drug abusers from the
middle Atlantic and central regions of the USA. J.
Infect. Dis. 162:347-352.

Lee, H. H., . Swanson, ]J. D. Rosenblatt, . S. Y.
Chen, W, C. Sherwood, D. E. Smith, G. E. Tegtme-
ier, L. . Fernando, C. T. Fang, M. Osame, and S. H.
Kleinman. 1991. Relative prevalence and risk factors
of HTLV-I and HTLV-II infection in US blood donors.
Lancet 337:1435-1439,

Leibowitz, S, L. Greenwald, I. Cohen, and J.
Litwins. 1949. Serum hepatitis in a blood bank
worker. JAMA 140:1331-1333.

Leifer, E., D. J. Gocke, and H. Bourne. 1970. Lassa
fever, a new virus disease of man from West Africa:
IL. Report of a laboratory-acquired infection treated
with plasma from a person recently recovered from
the disease, Am. J. Trop. Med. Hyg. 19:677-679.
Leonard, J. M., ]. W. Abramczuk, D. 5. Pezen,
R. Rutledge, j. H. Belcher, F. Hakim, G. Shearer,
L. Lamperth, W. Travis, T. Fredrickson, A. L.
Notkins, and M. A. Martin. 1988. Development of

" disease and virus recovery in transgenic mice con~

taining HIV proviral DNA. Science 242:1665-1670.
Letvin, N. L., C. I. Lord, N. W. King, and M. S.
Wyand. 1991. Risks of handling HIV. Nature 349:573.
(Letter.)

Levy, J. A, L. 8. Kaminsky, W. J. W. Morrow, K. Stei-
met, P. Luciw, D. Dina, J. Hoxie, and L. QOshiro. 1985,
Infection by the retrovirus asssociated with AIDS—
clinical, biological, and molecular features. Ann, In-
fern. Med. 103:694-699, :
Lima, G., and C, Traina. 1988. [Remarks on a case of
AIDS-related syndrome (ARC/LAS) in a nurse.]
Minerva Med. 79:141-143, (In Italian.)

Lloyd-Evans, N,, V. S, Springthorpe, and 8. A. Sattar:
1986. Chemical disinfection of human rotavirus-con-
taminated surfaces. J. Hyg. Camb. 97: 163-173,
Looke, D. F. M., and D. L. Grove. 1990. Failed pro-
phylactic zidovudine after needlestick injury. Lancet
335:1280. (Letter.)

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182,

183.

Lot, E, and D. Abiteboul. 1992. Infections pro-
fessionnelles par le VLH. en France: le point au 31
mars 1992, Bull. Epidemiol. Hebdomadoire (Paris)
26:117-119.

Lubick, H. A., and L. D. Schaeffer. 1986. Occupa-
tional risk of dental personnel survey. J. Am. Dent.
Assoc. 113:10-12. (Letter.)

Lui, K.-J., W. W, Darrow, and G. W, Rutherford IIT.
1988. Amodel-based estimate of the mean incubation
period for AIDS in homosexual men, Science
240:1333~1335. i

Lui, K.-J.,, T. A. Peterman, D). N. Lawrence, and IR
Allen, 1988. A model-based approach to characterize
the incubation period of pediatric transfusion-associ-
ated acquired immunodeficiency syndrome. Stat.
Med. 7:395-401.

Mann, J. M,, H. Francis, T. C. Quinn, X. Bila, P, K.
Asila, N. Bosenge, N. Nzilambi, L. Jansegers,
P. Piiet, K. Ruti, and J. W. Curran. 1986. HIV
serprevalence among hospital workers in Kinshasa,
Zaire. JAMA 256:3099-3102.

Marchoux, P. E 1934. Un cas d’inoculation acci-
dentelle du bacille de Hanson en pays non lepreux,
Int. J. Lepr. 2:1-7,

Marcus, R. 1988. The cooperative needlestick sur-
veillance group: CDC’s health-care workers surveil-
lance project: an update, abstr, 9015. 4th Int. Conf,
AIDS, Stockholm, Sweden.

Martin, L, 8., S. L. Loskoski, and §, S. McDougal.
1987. Inactivation of human T-lymphotropic virus
type IlI/lymphadenopathy-associated virus by

formaldehyde-based reagents. Appl. Environ. Micro-

Fiol. 53:708-709.

Martin, L. 8., J. 8. McDougal, and S. L. Loskoski.
1985. Disinfection and inactivation of the human T
lymphotropic virus type III/lymphadenopathy-as-
sociated virus. [. Infect. Dis. 152:400-403.

Marx, P A., N. C. Pedersen, N. W. Lerche, K, G.
Osborn, L. ]J. Lowenstine, A. A. Lackner, D. H.
Maul, H. §. Kwang, J. D. Kluge, and C. P. Zaiss.
1986. Prevention of simian acquired immune defi-
clency syndrome with a formalin-inactivated type D
retrovirus vaccine, J. Virol. 60:431-435.

Matthews, J. L., J. T. Newman, F. Segandares-
Berrial, M. M. Judy, H. Skils, ]. E. Leveson, A. J.
Marengo-Rowe, and T. C. Chanh. 1988, Photo-
dynamic therapy of viral contaminants with poten-
tial blood banking applications. Transfusion 28:81-83,
McBride, J. H,, P. J. Howanitz, D. O. Rodgerson, J.
Miles, and J. B. Peter. 1987. Influence of specimen
freatment on nonreactive HTLV-III sera. AIDS Res.
Hum. Retroviruses 3:333-340.

McClure, H. M., D. C. Anderson, P. Fuliz, A. Ansari,
A. Brodie, and A. Lehrman, 1989. Prophylactic ef-
fects of AZT following exposure of macaques to an
acutely lethal variant of SIV, abstr, 5th Int. Conf.
AIDS, Montreal, Quebec, Canada.

McCray, E. 1986. The cooperative needlestick sur-
veillance group. Occupational risk of the acquired
immunodeficiency syndrome among health care
workers. N. Engl. J. Med. 314:1127-1132,

McCune, J. M., R. Namikawa, H, Kaneshima, L. D,
Shultz, M. Liecberman, and L L. Weissman. 1988.
The S5CID-hu mouse: murine model for the analysis
of human hematolymphoid differentiation and func-
tion. Science 241:1632-1639,




198,

199.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193,
194,

195.

196,

197.

4, HIV-1 AND OTHER BLOOD-BORNE PATHOGENS | 63

McCune, J. M., R. Namikawa, C. C, Shih, L. Rabin,
and H. Kaneshima. 1990. 3"-Azido-3"-deoxythymid-
ine suppresses HIV infection in the SCID-hu mouse.
Science 247:564-566. '

McDougal, J. S., L. S. Martin, S. F. Cort, M. Mozen,

C. M. Heldebrant, and B, L. Evatt. 1985. Thermal
inactivation of the acquired immune deficiency
virus, human Tlymphotropic virus-IlI/lymph-
adenopathy-associated virus, with special reference
to antihemophilic factor. J. Clin. Invest. 76:875-877.
McElrath, J., E. Peterson, and J. Dragavon. 1992,
Combination prime-boost approach to HIV vaccina-
tion in seronegative individuals; enhanced immun-
ity with additional subunit gp160 protein boosting,
abstr. MoAQ027. 8th Int. Cont. AIDS/III STD World
Cong. Amsterdam.

McEvoy, M., K. Porter, P. Mortimer, N. Simons, and
D, Shanson. 1987. Prospective study of clinical, labo-
ratory, and ancillary staff with accidental exposures
to blood or body fluids from patients infected with
HIV. Br. Med. J. 294:1595-1597.

Michelet, C,, F Cartier, A. Ruffault, C. Camus,
N. Genetet, and R. Thomas, 1988. Needlestick HIV
infection in a nurse, abstr. 9010. 4th Int. Conf. AIDS,
Stockhalm, Sweden,

Milman, G., and P. D'Souza. 1990. HIV infections in
SCID mice: safety considerations. ASM News 56:639-
642,

Monath, T. P. 1990. Colorado tick fever, p. 1233-1240.
In G. L. Mandell, R. G. Douglas, and J. E. Bennett
(ed.), Principles and practice of infectious diseases, 3rd
ed. Chuxchil Livingstone, New York.

Mortimer, B. P, N. L. C. Luban, J. . Kellener, and
B. J. Cohen. 1983. Transmission of serum parvo-
virus-like virus by clotting factor concentrates. Lancet
ii:482-484.

Mosier, D. E, R. J. Gulizia, 5. M. Baird, and D. B.
Wilson. 1988. Transfer of a functional human im-
mune system to mice with severe combined im-
munodeficiency. Nature 335:256-259.

Moss, B., and C. Flexner. 1987. Vaccinia virus ex-
pression vectors. Amu, Rev. Immunol. 5:305-324,
Mundy, D. C, R. E. Schinazi, A. R. Gerber, A. ].
Nahmias, and H. W. Randall, Jr. 1987, Human im-
munodeficiency virus isolated from amniotic fluid.
Lancet ii:459-460. (Letter.}

Namikawa, R., H. Kaneshima, M. Lieberman, L L.
Weissman, and J. M. McCune. 1988, Infection of the
SCID-hu mouse by HIV-1. Science 242:1684-1686.
National Committee for Clinical Laboratory Stan-
dards. 1991, Protection of laboratory workers from infec-
tious disease transmitted by blood, body fluids, and tssue.

Tentative  guideline. M29-T2. National Committee

for Clinical Laboratory Standards, Villanova, Pa.
National Institutes of Health. 1988. Working safely
with HIV in the research laboratory. Guidance docu-
ment. Division of Safety, Occupational Safety and
Health Branch, Bethesda, Md.

Neisson-Verant, C., S. Arfi, D. Mathez, ], Leibo-
witch, and N. Monplanir. 1986. Needlestick HIV
seroconversion in a nurse, Lancef ii:814. (Letter.)
N'Galy, B, R. W, Ryder, K. Bila, K. Mwanda-
galirwa, R. Colebunders, H. Francis, J. M. Mann,
and T. C. Quinn. 1988. Human immunodeficiency
virus infection among employees in an African hos-
pital. N. Engl. J. Med. 319:1123-1127.

200.

201.

202,

203.

204,

205.

206.

207.

208.

209.

210.

211,

212,

213.

Ohta, Y., T. Masuda, H. Tsujimoto, X, Ishikawa,
T. Kodama, S. Morikawa, M. Nakai, 8. Honjo, and
M. Hayami. 1988. Isolation of simian immunodefici-
ency virus from African green monkeys and
seroepidemiologic survey of the virus in various
nonhuman primates. Int. J. Cancer 41:115-122.
Okochi, K., H. Sato, and Y, Hinuma, 1984, A retro-
spective study on transmission of adult T-cell leuke-
mia virus by blood transfusion: seroconversion in
recipients. Vox Sang. 46:245-253.

Oksenhendler, E.,, M. Harzic, J. M. LeRoux, C. Rab-
ian, and J. P. Clauvel. 1986. HIV infection with
seroconversion after a superficial needlestick injury
to the finger. N. Engl. J. Med. 315:582. (Letter.)
Parritt, R. |, and R. E. Olsen. 1947, Two simulta-
necus cases of leprosy developing in tattoos, Ant. J.
Pathel. 23:805-817.

Paulsen, A. G., B. Kvinesdal, P. Aarby, K. Molbak,
K. Frederiksen, FE Dias, and E. Lauritzen. 1989.
Prevalence of and mortality from human immuno-
deficiency virus type 2 in Bissau, West Africa. Lancet
:827-831.

Phillips, G. B. 1961. Microbiological safety in U3 and
foreign laboratories. Technical study 35.AD-268635.
National Technical Information Service, Springfield,
Va,

Pike, R. M. 1976. Laboratory-associated infections:
summary and analysis of 3,921 cases. Fealth Lab. Sci.
13:105-114.

Piszkiewicz, D., R. Apfelzweig, L. Bourret,
K. Hattley, C. D. Cabradila, J. 5. McDougal, and
D. Menache. 1988. Inactivation of HIV in anti-
thrombin T concentrate by pasteurization. Transfu-
sion 28:198-199.

Pizzocolo, G., R. Stellini, G. P. Cadeo, S. Casari, and
P. L. Zampini. 1988. Risk of HIV and HBV infection
after accidental needlestick, abstr. 9012. 4¢h Int. Conf.
AIDS, Stockholm, Sweden.

Poiesz, B. J., E W. Ruscetti, A. E. Gazdar, P. A, Bunn,
J. D. Minna, and R. C. Gallo. 1980. Detection and
isolation of type-C retrovirus particles from fresh
and cultured lymphocytes of patients with cutane-
ous T-cell lymphoma. Proc. Natl. Acad. Sci. USA
77:7415-7419.

Pomerantz, R. J., 5. M. de 1a Monte, §. I Donegan,
T. R. Rota, M. W. Vogt, D. E, Craven, and M. 8.
Hirsch. 1988. Human immunodeficiency virus (FIV)
infection of the uterine cervix. Ann. Intern. Med.
108:321-327.

Ponce de Leon, R. S., G. Sanchez-Mejorada, and M.
Zaidi-Jacobsen. 1988. AIDS in a bloed bank techni-
cian. Infect. Control Hosp. Epidemiol, 318:86-90.
Popovic, M., M. G. Sarngadharan, E. Read, and
R. C. Gallo. 1984. Detection, isolation, and continu-
ous production of cytopathic retrovirus (HILV-III)
from patients with AIDS and pre-AIDS. Science
224:497-500.

Prince, A. M., B. Horowitz, L. Baker, R. W. Shul-
man, H, Ralph, J. Valinsky, A. Cundell, B. Brotman,
W. Boehle, E Rey, M. Piet, H. Reesink, N. Lelie,
M. Tersmette, F. Mieckma, L. Barbosa, G. Nemo,
C. L. Nostala, A. ]. Langlois, J. S, Allan, D. R. Lee,
and J. W. Eichberg. 1988. Failure of a human im-
munedeficiency virus {(HIV) immune globulin to
protect chimpanzees against experimental challenge
with HIV. Proc. Natl. Acad. Sci. LISA 85:6944-6948,



64

214.

215.

216.

217,

218,

219.

220.
221.

222.

223,

224,

225.

226.

227.

228.

| HUNT

Prince, A. M., B. Horowitz, and B. Brotman. 1986.
Sterilization of hepatitis and HTLV-II viruses by ex-
posure to tri (n-butyl) phosphate and sodium ¢ho-
late. Lancet 1:706-710.

Prince, H. N. 1987, Summary: working group IV,
viruses, p. 139-142. In M. 5. Favero and D. H. M.
Groschel (ed.), Chemical germicides in the health care
field. American Society for Microbiology, Arlington,
Va.

Prince, H. N., D. L. Prince, and R. N. Prince. 1991,
Principles of viral control and transmission, p. 411~
444. In 8. S. Block (ed.), Disinfection, sterilization, and
preservation, 4th ed. Lea & Febiger, Philadelphia.
Putkonen, £, R. Thorstensson, L. Ghavamzadeh,
J. Albert, K. Hild, G. Biberfeld, and E. Norrby. 1991,
Prevention of HIV-2 and SIV, infection by passive
immunization in cynomolgus monkeys. Nature
352:436-438.

Ramsey, K. M., E. N. Smith, and J. A. Reinarz. 1988.
Prospective evaluation of 44 health care workers ex-
posed to human immunodeficiency virus-1, with one
seroconversion. Clin. Res. 36:1a. (Abstr.)

Rastrelli, M., D. Ferrazzi, B. Vigo, and F. Giannelli,
1989, Risk of HIV transmission to health care
worlkers and comparison with the viral hepatitidies,
abstr, A503. 5th Int. Conf. AIDS, Montreal, Quebec,
Canada.

Rawal, B. D. 1959. Laboratory infection with tox-
oplasma. J. Clin. Pathol. 12:59-61. _

Rebar, R., and T. J. Concannon, 1989. Working safely
with human immunodeficiency recombinant pro-
teins, abstr. American Biological Safety Association,
Biological Safety Conference, New Orleans,
Reitman, M., and G. B. Phillips. 1956. Biological
hazards of common laboratory procedures. III. The
centrifuge. Am. J. Med. Technol. 22:14-16.

Reitz, M. 8, and R. C, Gallo. 1990. Human im-.

munodeficiency virus, p. 1344-1352, In G. 1. Man-
dell, R. G. Douglas, and J. E. Bennett (ed.), Principles
and practice of infectious diseases, 3rd ed. Churchill
Livingstone, New York. ‘
Resnick, L., K. Veren, 8. Z. Salahuddin, S. Ton-
dreau, and P. D. Markham. 1986. Stability and inac-
tivation . of HTLV-III/LAV under clinical and
laboratory environments. JAMA 255:1887-1891.
Richardson, J. H., and W. E. Barkley (ed.). 1984
Biosafety in microbiological and biomedical laboratories.
HHS Publication No. (CDC) 84-8395. U.S. Depart-
ment of Health and Human Services, Public Health
Service, Washington, D.C.

Richardson, J. H., and W. E. Barkley (ed.). 1988.
Biosafety in microbiological and biomedical laboratories,
2nd ed. HHS Publication No. (NII) 88-8395. U.5
Department of Health and Human Services, Public
Health Service, Washington, D.C.

Richmond, J. Y., and R. W. McKinney (ed.). 1993.
Biosafety in microbiological and biomedical laboratories,
3rd ed. HHS Publication No. (CDC) 93-8395. U.S.
Department of Health and Human Services, Public
Health Service, Washington, D.C.

Roberi-Guroff, M., 8. H. Weiss, J. A. Giron, A, M,
Jennings, H. M. Ginzburg, 1. B. Margolis, W. A.
Blattner, and R. C. Gallo. 1986. Prevalence of anti-
bodies to HTLV-I, and -II in intravenous drug abus-
ers from an AIDS endemic region. JAMA 255
3133-3137.

229,

230.

231.

232,

233.

234,

235.

236.

237.

238.

239.

240.

241.

242,

243,

244,

Robertson, D. H, H., 8. Pickens, }. H. Lawson, and
B. Lennox. 1980. An accidental Iaboratory. infection
with African trypanosomes of a defined stock. L. The
clinical course of infection. J. Infect. 2:105-112.
Ruprecht, R. M,, L. G. O'Brien, and 5. Nusinoff-
Lehrman. 1986, Suppression of mouse viremia and
retroviral disease by 3-azido-3-deoxythymidine.
Nature 323:467-469,

Rusche, J. R., D. L. Lynn, M. Robert-Guroff, A. J.
Langlois, H. K. Lyerly, H. Carson, K. Krohn,
A, Ranki, R. C. Gallo, and D. P. Bolegnesi. 1987,
Humoral immune response to the entire human im-
munodeficiency virus envelope glycoprotein made
in insect cells. Proc. Nati. Acad. Sci. USA 84:6924-
6928,

Saag, M. 8, M. J. Crain, W. D. Decker, S. Campbell-
Hill, 8. Robinson, W. E. Brown, M. Leuther, R. J.
Whitley, B. H. Hahn, and G. M. Shaw. 1991. High-
level viremia in adults and children infected with
human immunodeficiency virus: relation te disease
stage and CD4+ lymphocyte levels. J. Infect. Dis.
164:72-80.

Salk, J. 1987, Prospects for the control of AIDS by
immunizing seropositive individuals. Nature 327:
473-476.

Sampaio, R. N, L. M. P. deLima, A, Vexenat, C. C.
Cuba, A. C. Barreto, and P. D. Marsden. 1983. A
laboratory infection with Leishmaniz braziliensis,
Trans, R. Soc. Trop. Med. Fyg. 77:274.

Sarin, P. 8., D. 1. Scheer, and R. D. Kross. 1985.
Inactivation of human T-cell lymphotropic retrovirus
(HTLV-1IL) by LD {tm}. N. Engl, |, Med. 313:1416.
Schmidt, C. A. 1988. [HIV infection from a needle-
stick injury.] Disch. Med. Wochenschr, 123(2):76. (Let-
ter in German.)

Schurman, W., and H. J. Eggers. 1983. Antiviral ac-
tivity of an alcoholic hand disinfectant: comparison
of the in vitro suspension test with in vivo experi-
ments on hands and on individual fingertips. Antivi-
ral Res. 3:25-41.

Sexton, D, J.,, H. A, Gallis, J. R. McRae, and T. R.
Cate. 1975. Possible needle-asscciated rocky moun-
tain spotted fever. N. Engl. . Med, 292:645. (Letter.)
Shanson, D. C,, R. Evans, and L. Lai, 1985. Incidence
and risk of transmission of HTLV-II infection to a
staff at a London hospital, 1982-85. J. Hosp. Infect.
Suppl. C:15-22,

Shaw, G. M., B. H. Hahn, S. K. Ayra, }. E. Groop-
man, R. C, Gallo, and F, Wong-Staal. 1984. Molecu-
lar characterization of human T-cell leukemia
{lymphotropic) virus type HI in the acquired im-
mune deficiency syndrome, Science 226:1165-1170.
Shih, C.-C., H. Kaneshima, L. Rabin, R. Namikawa,
P. Sager, J. McGowan, and J. M. McCune. 1991
Postexposure prophylaxis with zidovudine sup-
presses human immunodeficiency virus type 1 infec-
tion in SCID-hu mice in a time-dependent manner.
J. Infect. Dis. 163:625-627.

Skinhoj, P. 1974. Occupational risks in Danish clini-
cal chemical laboratories. II. Infections. Scand. . Clin.
Lab. Invest. 33:27-29.

Skinhoj, P, and M. Soeby. 1981. Viral hepatitis in
Danish healthcare personnel, 1974-78. J. Clin. Pathol,
34:408-410.

Smith, D. H., B. K. Johnson, M. Isaacson, R. Swana-~
poel, K, M. Johnson, A. Bagshawe, T. Siongok, and




ArpreypeBureg "D W wewppRm W rewndooas
o f ‘reyes g “Yprmoqie] *f ‘preusag °f “q ‘AmSez
- 'GIT-E0THY PN PRIV

AN Mg CSISIOM BIED i[Esy JOJ SUCHEISPISUCD
‘SUORIAJUT SNIIA ADUAIDLAPOUNUNGT UBWINE] '8861
URAY Y Z PUR S[eAlS g ‘aurfo[ *D “q "D FISULOM
“C0T-SBELTE AN SISNTIA srdonoyduAy

-1 wewny ‘G861 OIED D ¥ pue I “feesg-Buopm
TTTI-6ILT

'9zz YNV uerom AJoyeioqe] B UL UOIBSTUISURL
So1qEl BUIOQAY "€£61 “Awouo) i ‘[ pue ‘preMoH &
memBugye] 1 ‘mRunsey ¥ L D M HIPTUIM
‘uoned

SURUIRIOD TeuosIod ‘1661 (P ‘epsapiog [ITesH jo
saynnsu fevopeN 41ages jo uolstal() 'd UOSTIM
: "260T

~6807 ST VNV seumiul SoNSa[padu WpIM UOBeR
_0SSe 1SII0M JIED [y Suowre Uonadpul I-ATLH
‘ggeT MEP[ILI (1 ‘d PUE HPpI0D [ [ ‘wenrdooisy
-q [ "‘Bmqzur) "W ‘H ‘Wew[OH '§ FOIPEN °f ‘o3l
“H I ‘wemgpay g 498uIxes D M “H 'S ‘SSM
' "§TT-1TCEST
viny[ -suoneordde  pue Kyantsuas  “Aporgoads
:sarpoqrue (jusBe galy) [I-ALLH 107 1591 Suuaeig
‘6g6T WeuNeld 'V "M Pue o[ED D ¥ ‘upog
of v “uereypeduIeg D W HSpIcD” [ "H S ‘sstaM
"TL-B9I6ET IS

‘gIoyIoM AToreroge] Suoure UOBIRJUY (1-AIH) snaia
Lousmyepoumwiunl Wewimy Jo st 'g8sl Iaimeld
¥ *M PuE ‘o[[eD D Y ‘MeyS W ‘D RN W
mo v oA ‘sueqqrd f “Aoppreg 4 "M TED
‘H N fesauoaap N YA 'E Aeyppely d ‘sirem "
siaodog ‘W aupeD g ‘popson [ [ “H 'S ’SSTOM
‘GEP-PEPITSE MMIYN UOISIYPR

—ounumm HD £q soazuediund ur wonodyul dIil [
-ATH JO UOTUaAdLT ‘1661 ‘SIS * M f pue “‘usa1n)
-G (o I 'V @1 * M S ‘seon D ‘Huapioy °[
Kponga > B[ W D ‘woded ('@ ¥ H ¥ 'PIEM
(3ap))

FGFLK Ja0up] AL HONSAPIIU YR 1I0M BIED
yi[eay e ul 95easIp aarssa1dord Yim UOISIIALIOI0TAS
ATH '9851 "UOSHIEH 'O "M PU® "M W "3IPIEM
: 4TS

-G7G: §90upT "SIV 307 MSH je USWOoM JO SUCH3D
-85 [eD1ATED WO AV'T/III-ATLH JO UONE[OS] "9861
s ‘S ' pue “Aateoyds 'L Y ‘pIogmed | “d
noydurdg ¥ ‘wearid AWM T'G"MN 780A
iAoy Ao ARTT

5182y *pa] ‘00g 3Ted WD 1T 3T Uy ‘uoneMpE
g9A0[3 ,SU033IMS pue UCTIRFUIEXD juenyed saoiasp
TESIPRIAL (66T UOHESTUNUPY Snigy pue pood ‘SN
“TR1P9-GL1FO9E

18182y 'paq oI JOUL) ‘suafoyyed aulogpoo[q 03 dIMS
-odxa Teuonednoo( Te6T UOHENSIUMNPY HIAH
pue L1a5eg [euonednod(yoqe] Jo susunredad ‘s
GELET-THOETHS T8I0

-pag ‘sena pasodoxd :suaBoyed susoqpooq 0] s
-odxe Teucnednoo() "G86T THOHRLSIUIMPY IS
pue f19yeg [euoredndo(/Ioqe] 50 yusunaedacl '§
‘6L6-CIGBIL

‘PAN UISU] UMY "POC]q PAIOSIU-ATH 0 amsodxa
feuonednooo Iajye SINIOM 3T8D UHTESY Suoure asn
SUIPNAOPIZ PUe UOHIIJUWI ATH JO SOUE[IPAING "E661
*dnoin IUEIRAING YITSIPIIN aaperadoo) DD
ayy pue qod "W 'd ‘eapued T D WIS
‘QIqeyps Y "D 2a[nD "H ‘¢ "SITeIAL Y “T °f ‘sxesoL

a9 |

h7/4

€LT

TLT

142

‘042

692

892

"L9T

9%

992

¥92

€9C

TR

‘192

'09¢

“myueRy Tampoway) spoly

[2IQODIURUY FICD "PSIAN] WOE 06F TSR ‘SIA
£IUSTOYSPOWITUIMI] WFRWnY au} Wil Pojodjul sjuali
-ed oy poofq 03 Pasadxd SINJIOM SIBD YI[edY JO
aoue[RAMS 0661 ‘dNOID) DUE[[PAMS SPYSIPIIN
sapesadoo) 2y} pue ‘SoIRIN Y 1 [ ‘srejoL
(Tone7]) 768168 JAIunT "SIOTITeD

snrA AYIesY S JO [T 15831 331J-[[30 WOH STIIA
SATV JO UOHLIOS] "Ggel “ppauwm[) ‘N pue 1)
xnepuSony °f ‘XneApudlf | ‘arraqueA d “Aaoy f
qasppuo| 1, ‘“efreqpren-1apaids g 1 Ay
FOLEVGLELT '$7Y 432UL))

g1y Jo sxejaydord pue Aderoiy 10§ [9pow e SjE0
PAYAjuI-STLTA BTUR{NS] 2UI[e) Ui auprwAypAxosp
- £-OpIZe-£ "/8G] "PYUOION dp i pue ‘weunny¥]
-Jjjoursny 'S gojsuyof -y Ajeucy ") ] ‘saIRAR],
WEPISWY 'SALY 0D UL

118 “THLFI0J "OU TISqe ‘BILJY HNOS TEIEN ‘SIaIOM
2Ied UYIESY UT SUCISIAU005S ATH ‘7661 JOSPUIM
‘W ] pue “weanpes) A ‘ugpnd o[ 'a “¥ "d NeL
‘§HT-6ETBYL

sy 39afu] of HoOmM BSaqug ITM UOLIIBJUL wewny
Ul SUCHBAIISO [EJMUIPD pue aSoroydiow €861
werdeyy "H A pue ‘ueuSaq L, Buem L Y ‘81aq
apo1ay, °g ‘uedsusary) [ ‘wnequaudl ‘{ A “L ‘ung
CLTLPIE "Pew [ 18ud *N Amlug oysojpasy
semosnwrenur deap e BuUIMO[[0j  UOISTOAUOD0ISS
AV1/II-ATLH 9861 "9S10W 1 ‘A pue “1 Y JO3S
‘09F~9SF1SE

auypN SOUDIBA JURUIQUICORI 10] DDF JO e
MAN] 661 TINFIEH d "D pue 33T 'H ‘W Bunog it {
‘[esueq J "D ‘pauuRf L "1 ‘uosuag Ty "1 ‘uIng
- [ 4sseng ¥ L ‘Zn1) TRA 1 A “M D ANS
eryd

PP “00) sIpunes ‘g'm SUL PO PIE “Rpngs asmo
nuzuwan ‘sisousvip “fSojordfs [wopugy HIIpOW "Gl
wreyeaBuy f "N pue ‘uewdeg ‘H “H { 's0i8
SA0X MAN] 2uoISSUIATT [[YoMY) Po PAg Sasuasip
snowoafiny fo sonovad pup sapdputsd ‘('Pe) RawRg H f
pue ‘seidnod] D W ‘HEPWRIN "1 D ¥l THEL-9EEL d
‘I pue | $od A3 snarA prUIRXNB] [[0- ], Uy Surpnpou
sasnapacouo 7y adA-uononponu] 0661 W AP1220I8
“009-165°T9 Toivd ‘utD *f wy

‘samnpacoid A1cjeroqe] [ROIM[D M PojRI0sse uol
-onpoid [0s018Y §/61 ‘dWM]] J PUE ‘SWETHIM H "1
4I3qeH A I A3183A " ‘uosuyof ‘M *[ 173 ‘WIS
“TT-0T 004 "Jo14232pg SonbIRpDa} fed

130]014930Rq VOWTUIOD §O SPIEZEY SNOHISUR [PAU0]
"6¥6] 's5019) "H "N PUE ‘Gosppuy 4 "d 1 ‘WS
"E6T-8YTILEL PN "M4aAU] YOAY

‘sasEd paumIguod Arojeloqe] GIT JO MSIAL Y 1243)
3o operofo)) “¢61 Adred 'V Pue “1°§ ‘aouenidg
106-668° T

Jaour] SIEIORJUISIP [ESTWUD Aq SNIIA PAIRIDOSSE
fpedouapeydwid] jo uoneAnDERY] HRAT UMELIXID
3 '{ pue 1ssnouig-arreq A rauSejuopy -1 4 ‘erds
"68T-GQLT fa0up] "WYY 19]01ARIN e ‘shex

euned ‘qeay AG snaia payenosse-Ayedouspeyduf
jo uopeanoRy] ‘GeeT “uueway) D ’f pue qarude
Saopy 1 ‘yuouno] (1 ‘issnourg-axeq ~q ‘ordg
LT

~97/T9ST VINY] Yuounear} SHOIqHUE JO sanrey pue
sisowgaqeq paxmboe vorsnISURIL, “9861 aweurpaidg
pue ST T “Apsaodog ‘A ‘suead LV “d "M Wws
0T8-9T8: Jour] ehudy

wr eseastp sula Jmqiey (zgel eBnI M M

SNADOH LV ANEOg-G001d JAHIO ANV T"ATH ¥

650

‘852

pAsra

952

R2°TA

EH

R34

°he

1§

‘08T

6¥C

Ri74

WA

9

‘e¥e




66 | HUNT

and R. C. Gallo, 1984. HTLV-III in cells cultured
from semen of two patients with AIDS, Science
226:449-451. ,

275. Ziza, J. M., F Brun-Vezinet, A, Venet, C. H.
Rouzioux, J. Traversat, B. Israel-Biet, F Barre-

Sinoussi, J. C. Chermann, and P. Godeau. 1985.
Lymphadenopathy-associated virus isolated from
bronchoalveolar lavage fluid in AIDS-related com-
plex with lymphoid interstitial pneumonitis. N. Engl,
J. Med. 313:183, (Letter.)




